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The rapid and far-reaching changes characteristic of the 
uropean military situation from day to day, and even from 
yur to hour, make it practically impossible to ensure that these 
litorial comments shall be impeccably ‘‘up-to-date.’’ We have, 
f necessity, to go to press some time before the end of each 
onth and, obviously, the material has to be prepared in 
dvance. Our readers will kindly make allowance for any 
congruities arising from this cause. 

The immediately succeeding comment was written before the 
ntry of Italy into the War, when the effects of this step on the 
‘ort of Ancona and its commerce could not be, even remotely, 
isualised. 
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\n Historic Adriatic Port. 

In this month’s issue their will be found a description of 
he development and improvement works recently carried out 
at the harbour of Ancona on the Eastern seaboard of the 
ltalian peninsula. The port is situated adjacent to a promontory 
on the coastline at a distance of 130 miles north-east of Rome, 
and has the advantage of possessing one of the finest harbours 
in the Adriatic and, indeed, among the best in Italy. The town 
takes its mame from the resemblance to an elbow (Greek 
i\xov) Of the promontory on the north side where the settle- 
ment was founded in ancient times (about 390 B.C.) by 
refugees from Syracuse in Sicily. During the period of Imperial 
Rome, the harbour acquired considerable strategical importance 
from a military point of view on account of its proximity to 
the province of Dalmatia. Its already capacious enclosure was 
enlarged by the Emperor Trajan, who considerably extended 
the northern boundary; it was afterwards further prolonged by 
by Pope Clement II, whose name was given to the Clementino 


Mole. The South Mole and quay was built as recently as 1880. 
As will be seen from the plan, the harbour entrance faces 
west, and winds from the north-west generate heavy seas, 


vhich formerly, for days at a time during the winter season, 
prevented ships from loading and discharging at the Clemen- 
no Mole. The new works are designed to remedy this evil. 
The piecemeal additions to the protective works have given 
the plan of the harbour a rather odd appearance, not unlike 
rubber syringe or squirt. The inner harbour is roughly cir- 
ular in outline, with a mean diameter of about 900 yards. 
Xecent accretions at the entrance have imparted an irregular 
ipering funnel shape to the approach. Viewed as a design, 
he form of the interior is not particularly well adapted for 
traight quayage of any length, while the projecting jetties 
re short and stumpy, unsymmetrical alike in outline and 
rrangement. There would appear to be scope for some re- 
nodelling of the interior. 
In recent times the harbour works suffered rather consider- 
ble damage during a bombardment by the Austrian fleet in 
915. Ancona was then, and still is, an important naval base. 
As regards its commercial activities, the port is capable of 
eceiving vessels of large tonnage up to 26-ft. draught, and does 
in import trade in coal, dry goods, sugar, drugs, phosphate and 
rain. The exports include lamb skins, sulphur, hemp, silk, 
valnut wood and asphalt. According to the reference books 
here is a local population of about 75,000. Such was the 
sition in the early months of this year. What will be the 


utcome of military measures against Italy, whether blockade, 
1aval bombardment or aerial attack, either now or in the future, 
annot be foreseen. 
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Comments 


The Homeward Transport of the B.E.F. 


The transport of the heroic British Expeditionary Force fron 
the shell and bomb stricken beaches and quays at and around 
the Port of Dunkirk to the safer shores of Southern England 
is a magnificent feat of which the Royal Navy and its attendani 
satellites, humorously called the Bobtail Navy, can be justi 
fiably proud. Well merited tributes have already been paid to 
them and their colleagues in the Royal Air Force and the French 
Navy, with which British port authorities will naturally asso 
ciate themselves most cordially. 

We should like to see a word of appreciation extended to the 
officials and staffs of the reception ports who must have laboured 
long and resolutely to cope with the influx of so huge a traffic, 
in order to get the various units shepherded into trains fot 
conveyance to inland destinations. This arduous task was 
performed as cheerfully and effectively as that carried through 
by the other services. We have no doubt that the conscious 
ness of a duty well performed has sufficed to reward the port 
and railway officials concerned, for their toil. 


The Blocking of Zeebrugge Harbour. 


It is the unfortunate experience of a port authority in Belgium 
that twice within a period of 22 years, the important harbour 
under its jurisdiction, including the artificial entrance and _ its 
protection works constructed at great cost at the beginning oi 
the present century, has had to be completely blocked, with 
the attendant demolition of most, if not all, of the operating 
plant. In the early days of June, the withdrawal of the British 
Expeditionary Force from Flanders necessitated the putting out 
of action of the Port of Zeebrugge, since it was a_ potential 
naval base for submarine activities threatening the British coast 
The gates of the entrance lock to the Bruges Ship Canal have 
accordingly been destroyed, in addition to which a dredger and 
two concrete-filled hulks, or blockships, have been sunk athwart 
the narrow waterway. Two other blockships have 
scuttled in the dredged channel leading to the lock, which lies 
within the area sheltered by the curvilinear breakwater. It 
will be many months before these accumulated obstructions can 
be removed so as to admit of a navigable passage, and the lock 
gates and machinery replaced in order to enable the ship canal 
to function as formerly. 

The operation was carried out by units of the Royal Navy 
with commendable enterprise and courageous determination. In 
the face of heavy artillery and aircraft bombardment, tw« 
successive attempts were made to place the blockships in posi 
tion alongside the dredger, which had previously been sunk 
across the lock outer sill. On the first occasion, the leading 
blockship, after rounding the pierhead of the breakwater 
unfortunately grounded and had to be sunk where she lay 
together with her companion vessel, both within the limits ot 
the harbour fairway. The second attempt was more successful 
and two other vessels filled with were manoeuvred 
alongside the foundered dredger, where charges were fired to 
scuttle and partially disrupt them. It speaks highly for the 
skill and alacrity displayed, that, on neither occasion, were 
there any casualties in the British force engaged. 

Very different was the experience during the earlier raid on 
St. George’s Day in May, 1918. The enterprise at that dat 
had to be carried out with the assistance of landing parties 
amidst a withering fire from batteries on the mole and ashore 
which caused the loss of many heroic lives before the blocking 
of the harbour was accomplished. 
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Editorial Comments— continued 


Zeebrugge, some 15 miles south of the mouth of the Scheldt, 
is the gateway of the Maritime Canal leading to the ancient 
Port of Bruges, which between the 13th and 15th centuries was 
one of the most important commercial centres on the continent 
of Europe. The ship canal was constructed between 1896 and 
1907 to replace the Zwyn, an arm of the sea, which formerly 
«xtended to Bruges, but had silted up during the 15:h century. 

The outer harbour, or roadstead, of Zeebrugge, is protected 
by a massive curvilinear breakwater, an engineering work of 
the first magnitude, 8,151-ft. in length connected with the main- 
land by a short viaduct which permits the unimpeded passage 
of the littoral current. On the inner side of the breakwater is 
a level platform or quay, 242-ft. in width, bordered by 
5.154-ft. of berthage for shipping drawing from 26 to 36-ft. 
of water, and equipped with shed accommodation and railway 
trackage. There was until recently an installation of 10 electric 
cranes of 8 to 2} tons capacity and six steam cranes of 4 tons 
lifting power. These will all have been wrecked in the general 
destruction. 

The lock giving access to the ship canal has a length of 
625-ft., with a chamber 518-ft. long and an entrance width of 
‘65-ft. The sill is laid at a depth of 19-ft. 8-in. below low water 
spring tides, affording a depth of 31-ft. 8-in. at high water 
neaps. The ship canal leading to the docks at Bruges is 6} 
miles in length, 72-ft. wide at the bottom and 229-ft. wide at 
surface level. The depth of water is 26-ft. throughout. 

The total cost of the undertaking was about £2,200,000 and 
it has been administered hitherto by the Compagnie des Instail- 
ations Maritimes de Bruges, with whom British port officiais 
will sympathise in the grevious misfortune which has befallen 
them and their country. 


Channel Port Destruction. 

The tate of Zeebrugge is only one case of many in the 
formidable toll of damage and destruction which has been and 
continues to be levied on the English Channel ports during 
current enemy operations. Calais, Dunkirk and Ostend are re 
ported to be completely in ruins, while Dieppe, Le Havre and 
Cherbourg have been subjected to severe bombing attacks. Even 
if the Germans could have been restrained by some fleeting feel- 
ing of compassion and humanity for the suffering of the unfortun- 
ate civilians involved, their military necessity knows no law 
and every kind of commercial and industrial plant and appliance 
likely to be of present or future service to the Allied Powers must 
go down beneath the iron hand of war. A few months back we 
commented on the heavy cost entailed in the rehabilitation of the 
ports of Spain after the civil war in that country, but the 
Spanish liability sinks into relative insignificance beside the 
enormous outlay which is bound to be incurred in repairing the 
ruthless damage and devastation wrought on great maritime 
installations not only in France, Belgium and Holland, but in 
Germany itself. In addition to the ports already mentioned 
Marseilles, Rotterdam, Amsterdam, Bremen, Bremerhaven and 
Hamburg, besides numerous havens of less importance, have 
suffered heavily from aerial attack. 

It is a sorry record for civilisation and bad as it is, it is 
likely to be surpassed by even worse happenings before the 
present conflict is over. By his long premeditated and treacherous 
action, Mussolini has exposed the whole of the vulnerable sea- 
beard of Italy to naval and aerial bombardment and while we 
doe not venture to prophecy, it is obvious that such attacks are 
beund to come, with results that cannot be estimated. 

“‘O Judgment! thou art fled to brutish beasts 
And men have lost their reason.”’ 

It is significant that these words were put by Shakespeare in 
the mouth of a great Roman, addressing an assembly of his 
own countrymen. 


Ocean Wave Height 


One of the most baffling and difficult things to determine with 
any degree of accuracy is the height of ocean waves, and 
although a number of observations have been made and 
recorded by investigators, there always remains an element of 
uncertainty due to the liability of visual error in momentary 
sensory impressions and the difficulty of obtaining reliable 
standards of measurement. Standing on the oscillating deck 
of a moving vessel in weather which must of necessity be 
tempestuous, there is a temptation for the mind to be impressed 
more vividly than scientifically by the towering masses of 
water surrounding the vessel and apparently threatening to 
engulf it. The descriptions of casual, inexperienced travellers 
are therefore to be received with caution, though trained 
nautical officers may be expected to estimate with some 
approach to accuracy. Unfortunately, instrumental observa- 
tions can only be conducted under great difficulty arising from 
the uncertain position of the ship and acceleration effects, 
which make pendula and spirit levels read incorrectly. More- 


over, even in skilled technical treatises on the subject there is 





sometimes a lack of precision as to what is meant by the 
‘height’? of a wave, as was pointed out in the researches ot 
Monsieur Larras, noticed in last month's issue of this Journal. 

There seems to be a general consensus of opinion however, 
amongst competent authorities that the maximum height ot 
ocean waves is in the neighbourhood of 50 to 60-ft., and that 
it does not, unless the circumstances are very exceptional, exceed 
the higher figure. It is interesting, therefore, to note that in 
the Hydrographic Bulletin, published in Washington, U.S.A. 
under date of April 10th last, there is announced the observa- 
tion of a wave in the Pacific Ocean calculated to have been 
66-ft. high. The observation was made on January 28th by 
the third officer of the ss. Endicott, during a westerly gale, 
while on a _ passage from Long Beach, California to Kobe, 
Japan. The wave in question was estimated to reach a height 
of 30-ft. above the bridge of the ship, which was 36-ft. abo 
water level. 

This height of 66-ft. cannot, however, be considered a record, 
since Dr. Vaughan Cornish in his book on ‘‘Ocean Wave 
instances two cases of even greater wave development. The 
first relates to a voyage in 1921 by Captain Wilson of a Blve 
Funnel Liner of 12,000 tons, from Yokohama to Puget Soun 
Captain Wilson’s conclusion was that storm waves thin 
experienced were ‘‘as much as 70-ft. in height and probab\y 
more.’’ The second record is contained in a report by 
Commodore Sir Bertram Hayes, Commander of the 
Majestic, published in Lloyd’s List of February 20th, 1923. | 
specifies 80-ft. as the estimated height of waves in a storm 1 
December 29th, 1922, in the North Atlantic (Lat. 48° 30’ N 
Long. 21° 5’ W.) and from a consideration of the cirew 
stances, Dr. Cornish drew ‘‘the general conclusion that 1 
observations are best satisfied by a range from 60 to 90-t 
which gives a mean value of 75-ft.’’ 

From a practical point of view the chief interest of wa 
height lies in its indication of wave energy, for as pointed o 
by Gaillard in his ‘‘Wave Action in relation to Engineeri: g 
Structures ’’ (p. 40) the energy (E) of a wave varies nearly «s 
the square of the height: 


EK =8 Lh? (14.935 ag I 
L: 
and this, of course, is a measure of the destructive capacity »t 
the wave. But waves of the magnitude of those met with ‘n 
mid-ocean are not likely to be encountered within the relative |v 
shallow depths of a continental shelf. Apart from the restr 
tion imposed by depth of water, there is also the factor .| 
‘Fetch’ or length of surface acted upon by the wind, and 
furthermore, the limiting capacity of a wave to retain its 
structure intact under the action of natural forces. Under t! 
hydrostatic conditions (added to inertia and dynamic effects) 
a height of more than two atmospheres (66-ft.) is very unstab! 
and the deceptive appearance of sheets of water thrown up !\ 
collision between waves, or crest rupture, may increase the 
apparent height. Altogether, there is room for a good deal 
more research into the phenomena of sea wave action, than 
has hitherto been made, and investigations such as_ those 
recently undertaken by M. Larras are of no little service in the 
development of maritime engineering science. 


Red Tape. 


A very umely and appropriate resolution has been passed 
by the London Chamber of Commerce urging the Government 
to substitute the principle of personal responsibility for that of 
conference, committee, departmental and _inter-departmental 
reference in all cases where the exigencies of business demand 
speedy decision. The credit for this resolution is due to Sir 
Alexander Gibb, who proposed it in a very cogent speech, in 
which he said: ‘‘As in no previous war, the Government is 
now in business on a huge scale; the wheels of industry turn on 
instructions from the Civil Service. If the best results are to 
be obtained, and a sense of urgency disseminated throughout 
industry, it is essential that a system shall be established whic! 
will permit of prompt decisions on all business matters being 
obtainable from the Civil Service. That, clearly, is not possible 
under a system which requires the passing of papers from o! 
individual to another and from one department to another 

Nomine mutato, de te fabula narratur. The above 
admirable recommendation is equally applicable to pro- 
cedure in port matters among port authority officials 
many of whom are addicted to the age-old practice of ‘‘passil 
papers,’” a custom which is often encouraged by the selfi 
policy of departmental heads who seek to keep the reins 
power and resent the delegation of authority on even min 
matters to other (and perhaps junior) hands, however capab! 
they may be. 
tolerated in a purely commercial concern, where, as in @!l 
business affairs, ‘‘ Time is of the essence of the contract 
as the legal profession puts it. 
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Delays are thereby incurred which would not |e 
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Extension and Regulation Works at the Port 


(Translated from the Italian). 





following account of the development works 
just, or nearly, completed at the Port of Ancona, Italy, 
is extracted by permission from a recent issue of the 
Italian technical journal, Annali dei Lavori Pubblici. 
[he programme of systemisation works for the port, drawn 
u» by the local branch of the Genio Civile, provided for the 
evlargement of the South breakwater at the entrance of the 
port and for the completion of works, begun by the superseded 
Port Authority, by means of the construction of a quay wall 
f.unded at the level of—8.60 metres (28-ft.) with an over-all 
k ngth of 550 metres (600 lin. yds.) and the formation of an 
a aple quay surface of 4 hectares (9} acres) area. 
[he project also included the construction of an external 
eakwater with a parapet, in continuation of the North break- 
iter, for a length of 296 metres (323 lin. yds.) and of another 
lv breakwater, liable to submergence under wave action, of a 
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Section of South Breakwater Extension. 


length of 372 metres (407 lin. yds.) on the South side of the 
harbour entrance. 

rhe objects to be attained were as follows: 

lo eliminate the inconvenience due to the discharge of 
materials (particularly coal and phosphates) at the Clementino 
Mole, arising from the restricted width of the quay and from 
the tact that railway rolling stock, in order to reach the mole, 
had to make a complete circuit of the port frontage. 


With the enlargement of the South breakwater there would 
be, without question, convenient and safe berthage and ample 
quay space for the accommodation of rolling stock, with 
convenient access to the railway station, as well as space for 
storage. 

Through the construction of the outer breakwaters, there 
would be created a commodious outer harbour with defence tor 
the interior basin from that quarter of the sea which gives rise 
to a strong surge, seriously interfering with, and sometimes 
preventing, the operations of loading and discharging cargo 





Section of North Breakwater Extension with parapet wall 


The foregoing aims have been tully achieved by means of the 
works executed, which have been developed in accordance with 
the programme, except in so far as is stated hereaftei 

The new quay wall along the interior face of the South 
breakwater has been founded at the level of 8.60 metres and 
consists, as regards the substructure, of four courses of artificial 
blocks set in independent rows. The blocks in the first course 
have dimensions of 5 m. by 3 m. by 2.15 m. (16$-ft. by 10-ft. 
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by 7-ft.), and the upper courses, 4 m. by 3 m. by 2.15 m. 
(13-ft. by 10-ft. by 7-tt.). 

A groove has been arranged in the uppermost course for the 
setting of an artificial stone coping. At the rear of the blocks 
there is a backing of broken stone. 

The super-structure up to the level + 2.40 m. (8-ft.) is 3.7 m. 
(12?-ft.) broad and is composed of massive stone walling with 
facing of blockets of artificial stone and a coping of artificial 
stone in places only where it was impracticable to employ 
dressed masonry forthcoming from the demolition of the old 
quay wall. 

In the rear part of the superstructure there has been 
constructed a conduit with dimensions of 0.60 m. (2-ft.) by 
1.20 m. (4-ft.) for the reception of various service mains. 

The carriageway of the quay is paved with sandstone and 
furnished with numerous mooring bollards along the edge of the 
quay. 

The filling between the old and the new quay walls has been 
executed by means of plant from the Excavation Department 
of the Ministry of Public Works, including a suction dredger 
which raised the sandy material in the open sea at a short 
distance from the South breakwater and discharged it into the 
area to be filled. 

For the roadway surfacing of the quay, material arising 
from demolitions in the town were utilised, that is over the 
area of 4 hectares (9$ acres) as mentioned above. 

At the present time the following works are necessary for the 
completion of the South Mole:— 
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Substructure of North Breakwater. 


The head of the breakwater has been slightly enlarged in 
respect to the projected design, and has dimensions of 19.65 °n. 
by 20 m. in order to allow of the manceuvring of auto vehicl:s. 
On the pierhead is located the signalling light on iron framewo k 
and the foghorn for periods of tog. 

No inconvenience was experienced duri 








General View of the Harbour looking seaward. 


(a) Deepening of the berthage in front of the mole 
throughout its mean length of 250 m. In this area the depths 
vary from—5.80 m. to—7 m. and have to be increased to 
8.50 m. The bottom consists of compact marl or clay, 
though in some places chalk will be reached. 

(b) Widening of the root of the South mole to correspond 
with the Mandracchio in a manner to admit of the laying of 
railway track and the construction of a roadway. 

(c) Surface treatment of the section of enlarged mole with 
adequate ballast, in attendance on the settlement and 
consolidation of the filling, including the paving and other 
street work. 

The external parapetted breakwater projects from the end of 
the old North breakwater and is 300 m. in length. In respect 
to the axis of the latter it bends 25° to the South. 

The substructure consists of three courses of cyclopean blocks 
with dimensions of 10 m. by 5 m. by 3.50 m. placed in the work 
in independent rows on a benching of rubble. 

The blocks which have been constructed with puzzolana 
cement (‘“‘ sea’’ type) have each two sockets, 1.80 m. by 
1.80 m., which were filled with concrete after the setting in 
place of the blocks, in order to assure the vertical connection of 
the pile. 

The superstructure, which has a breadth of 9 m. up to the 
level + 2.40 m, is composed of a masswork of stone walling with 
a brick facing and a coping of artificial stone. It is capped with 
a paving of sandstone and fitted with mooring bollards. In the 
outer portion of the superstruction, exposed to the sea on the 
first and fourth quadrants, there has been provided a parapet 
wall of masonry with the crest 3 m. wide, at the level of + 6 m. 
above mean sea level. 

Protective blocks with dimensions of 4 m. by 2.50 m. by 1 m. 
have been ranged at the outer base of the breakwater at the level 
of —10.10 m. 











the execution of the work. The blocks whi |! 
weighed 350 tons were set by the ponte 
““ Romanus,’’ which has a lifting capacity 
500 tons. 

The violent and repeated tempests whi: | 
were experienced during the period of exec i- 
tion and after completion have caused 
damage to the structure. 

The submersible external breakwater, whi 
leaves the old South breakwater about 180 1 
{rom the extremity, had to be construct 
according to the plan in two distinct sectior 
that is to say, for a length of 272 m. from t 
inner end, the substructure is formed of two 
rows of artificial blocks 8 m. by 2.50 m. by 
2.50 m. and for the other 100 metres towar: 
the open sea, the substructure is constructe: 
on lines identical with those of the emerge 
breakwater. 

In the course of execution it was found 
that an intermediate section of the new break- 
water for a length of 160 m. from a point 
70 metres from the commencement rested on 
an unstable earth foundation, so that the 
column of blocks in the work inclined out of 
the perpendicular and had to be abandoned, 
some being overturned. 

This was due to the particular stratification of the ground, 
which in this section as was found to be the case in other parts 
of the harbour, consists of alternate layers of clay of variable 
thickness mixed with other layers of fluid and muddy material. 

In consequence, the argillaceous layers yield when the over- 
lying load reaches the maximum limit. This fact having been 
confirmed during the construction of the head of the pier Della 
Sanita, now called the Rizzo Pier, led to the structural 
modification of the section in question, with the substitution for 
the original design of a rubble mound up to mean sea level. At 
this level, artificial blocks, 7 m. by 5 m. by 3.50 m. have been 
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North Breakwater completed. 
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Port of Ancona—continued 





laid, which offer a sufficient degree of stabil- 
jiy, taking account of the fact that this part 
oi the breakwater is protected from the 
sea. 

In the completed work there will be, then, 
a first section of the breakwater, 79 m. long, 
which leaves the old breakwater at an inclin- 
ation of 25° to the axis of the latter, and in 
which the substructure is formed of two 
courses of artificial blocks, 7 m. by 5 m. by 
3.75 m., bedded at 7.40 m. on a mound of 
stone. The interior ledge is protected with 
blocks 3 m. by 2 m. by 1 m., and for this 
section the masonry superstructure with a 
coping of artificial stone is 2.20 metres wide. 
in correspondence with the breakwater, and 
a rubble mound has been formed as a 
protection of the spur from the action of 
rough sea which, entering through the new 
o} ening, propogates itself along the full length 
o: the breakwater and would be capable of 
producing damage at the root. Consequently, 
the area comprised within this section of the 
now breakwater, the old South breakwater 
aid the rubble mound is to be filled in, so 











fo ming a large open space. The intermediate 
section of the length of 132.95 m. is formed 
o! the aforesaid rubble with a superstructure 
o! artificial blocks. 
[n continuation of the rubble mound section and in the same 


direction, there has been constructed a length of 56.70 m. of 
the breakwater with a substructure of artificial blocks, 7 m. by 
5 m. by 3.75 m., on a benching of stone levelled at—7.40 m. and 
with a superstructure 6.50 m. wide formed of stone walling with 
facing of brickwork and capped with artificial stone. The 


pavement is of sandstone. 

[he last section of the breakwater, a length of 95.88 m., in- 
clned at 156° towards the North in respect of the preceding 
section, is constructed, like the external parapetted breakwater, 


e) 


Port Administration in South Africa 
Railways and Port Management 


In the June issue an editorial comment was made on the 
suggestion of an autonomous local authority for the Port of 
Durban put forward recently by The Natal Mercury. The pro- 
posal has given rise in that Journal to some interesting corres- 
pondence on the subject, and, as having a general interest for 
our readers, there is subjoined here a statement of the views of 
Mr. G. V. O. Bulkeley, whose association with the Great Western 
Railway in this country and with the Port of Mombasa in 
Kenya and with railways and ports in Nigeria enable him to 
express an expert opinion on the subject of railway management 
of ports. Mr. Bulkeley writes as follows in the issue of The Natal 
Mercury for April 22nd last. 

In 1921 the British Railways Act placed under the jurisdiction 
of the Great Western Railway Company the large group ot 
South Wales poris comprising Cardiff, Swansea, Newport, 
Barry, Port Talbot and Penarth. 


Great Western Railway Management 

[ was on the staff of the general manager of the railway at 
that time and recollect how, after exhaustive review, the board 
of directors decided to create an independent docks department 
under a chief docks manager, he having a docks manager at 
each: port. 

All these men were trained and experienced in port adminis- 
tration. The chief docks manager reported independently to 
the general manager and the board of directors. 

Under the organisation thus set up, the jurisdiction of the 
railway traffic department ceased at the exchange sidings 
between the main line and each port, traffic working over the 
port lines being operated by the docks department. Marine 
working at each port came under the docks manager for 
expenditure and discipline. 

‘he ports being large ones, the chief docks manager had his 
own staff of civil and mechanical engineers. Accounting was 
se''-contained. 

_ | had some practical experience of the working of this organ- 
lsation later when traffic superintendent at Swansea Docks, and 
ai testify that it was well received by the public and worked 
sm.oothly. 

Mombasa Port Administration 

Vhen the Port of Mombasa, Kenya. was being developed 
under an expenditure of some £3,500,000, the matter of its 


North Breakwater: Construction of Parapet Wall. 


with a substructure of three rows of cyclopean blocks, 9 m. by 
5 m. by 3.50 m., set on a bench of rubble at the level of —10.10, 
there being sockets in the blocks filled with concrete. Che 
superstructure, 8.50 m. wide up to the level 2.40 m. is formed 
of stone walling with brick facing, a plinth and coping of dressed 
stone and pavement of sandstone. 

At the extremity on a pierhead, 16.60 m. by 12 m. there is 
located a signalling light on iron framework. The breakwater 
is provided with access ladders and mooring bollards. 

The above described works are at the point of completion 
and the inclusive cost has been 22 million lire. 


administration was reviewed and I had the good fortune to be 
appointed to introduce there an organisation based on that of 
the South Wales poris, modified to suit local conditions. 

The basis of pori organisation for Mombasa laid down by 
the Secretary of State for the Colonies and the manner in which 
this was worked out in practice were as under: 

(a) The port manager to report to the general manager 
of the railway in that officer’s capacity as chief adviser on 
harbours to the high commissioner for transport for Kenya 
and Uganda. 

(b) The railway traffic department to have no jurisdiction 
over the port manager. 

In practice the railway traffic department's control ceased 
at the exchange sidings with the port lines. Shore-handling 
as between ship’s slings and the shore, also along and across 
wharf and in transit sheds, was performed by a contractor 
to the port department. Loading and off-loading railway 
trucks within the port area was performed by the same con 
tractor under contract to the railway, the port manager super 
vising this work as agent for the railway. 

(c) To avoid duplication, the railway accounting, engineer 
ing and stores organisations to be used by the port. 

In practice these departments acted as contractors to the 
port department, their several annual charges appearing in 
the port estimates and met from port funds. Locomotive 
power on the port lines was provided by the railway at so 
much per engine turn. 

(d) The high commissioner for transport to be advised by 
a harbour advisory board. The board to prepare the port 
estimates. 

In practice this board was constituted entirely of shipping 
and commercial members, the commissioner for customs being 
chairman, The port manager attended all meetings as intelli 
gence officer without vote, and he prepared the agenda and 
advance memoranda. The board examined and minuted on 
the port manager’s draft estimates which it reviewed in detail. 
The foregoing roughly outlines the scheme of port adminis 
tration at Mombasa, Kenya. 

In regard to the marine side, the port captain is the authority; 
he reports to the port manager for expenditure and discipline. 
It should be noted that the high commissioner for transport for 
Kenya and Uganda also controls the railway. 

The port organisation at Mombasa has functioned smoothly 
and to public satisfaction for the past 14 years. It is detailed 
here to illustrate how the principles of port administration which 
were found suitable for the South Wales group of very large 
ports were also found suitable for the much smaller port of 
Mombasa. 
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Port Administration in South Africa—continued 
Nigerian Port Arrangements 

When going to Nigeria as general manager of railways, | 
found the two developed ports had rail-connected wharves 
which came under the jurisdiction of the traffic superintendent 
of the railway for ashore working, the supervising officers being 
taken as convenient from the railway ranks and not being port 
trained men. This was unsatisfactory. 

When subsequently appointed director of transport, I secured 
men with prior port experience from outside and gave them 
supervision between the wharf edge and the exchange sidings 
with the railway. As an interim arrangement during reorgan- 
isation these port superintendents reported direct to myself. 

To avoid duplication, they also acted as agents for the rail- 
way within the demarcated port areas. Port advisory boards 
were also set up, the port superintendents attending all meetings 
as intelligence officers without vote, the director of transpori 
being chairman. 

Nigerian port arrangements are, however, not very useful 
in a general discussion, for the reason that that country is 
somewhat unique in having a number of deep water ports which 
are not served by the railway, so that the railway general 
manager cannot act as chief adviser on port issues. 

Local Control 

Coming to ports in general, it is probably correct to say that 
commercial and shipping men favour a port administration 
divorced from railway traffic control. There are a number of 
reasons. Two may be stated here. 

Firstly, there is conflict between the requirements of shipping 
and of land transport, each desiring that its unit (the ship and 
the railway truck) shall receive preference in quick turn-round. 
Secondly, the delinquencies of port and railway working tend 
to obscure each other where both are under the railway traffic 
department, resulting in an exasperated public. 

It is my experience that port supervision by an experienced 
port superintendent directly responsible for the port as a separate 
link in the chain of world transport (as represented by shipping, 
ports and inland carriage) creates a favourable port atmosphere 
within which things go well and smoothly, in contradistinction 
to where the port is regarded merely as a waterside railway 
station. 

The difference in atmosphere is hard to put into words, but 
ii is very real and finds ready response from shipping and 
commercial men. 

The explanation probably is that the working unit of a port 
is and must be the ship, and that it is not always realised that 
in giving her a quick turn-round, as the primary port working 
‘consideration, every other interest is also benefited. 


Suggested Port Superintendence 


It is suggested that it is both advisable and has been found 
successful to place port superintendence under some form of 
independent management in which the public which use the port 
take a prominent part. 

This can be effected in several ways of which two may be 
mentioned here. 

(i) By operating the port and marine under a statutory 
commission or board, similar to the large Eastern ports, such 
as Singapore. 

(ii) By utilising an existing administrative framework to 
form an independent port and marine department, the super- 
intendent of which reports to the governing transport author- 
ity through a senior executive officer who is in a position to 
act as chief adviser on port affairs; the port superintendent 
being closely advised by an advisory council composed of 
shipping and commercial men; the council functioning under 
a gazetted constitution which requires all matters of principle 
in regard to finance, development, expenditure, staffing, 
claims and complaints to be referred to it. It is important 
that the advice of such a council shall ordinarily be acted upon. 





Book Review 


Ports and Navigation—Brazil, 1940. 

This very useful publication was originally prepared for the 
World’s Fair at New York, in 1938, by the National Depart- 
ment of Ports and Navigation of the United States of Brazil. 
It consists of 48 pages of text, 18 plates of plans illustrating the 
principal ports of Brazil and a general map of that country. 

The text contains a general description of Brazil with especial 
‘consideration of navigational interests, an explanation of the 
legal status of Brazilian ports, brief accounts of fourteen 


“‘organised’’ ports and eighteen ‘‘unorganised,’’ and informa- 
tion as to shipping. Tables of meteorology, resources available, 
‘shipping movements, characteristics and equipment, income and 
port charges follow, all classified according to 
ports. 


the various 


THE Dock AND HARBOUR AUTHORITY 


July, 1940 


There is still a tendency in Europe to overlook the growing 
consequence of South America in general and of Brazil in par- 
ticular. The following figures show that the traffic there is of 
very great importance:— 


Ships Entered Merchandise Handled 


1937 Register Tons (Imports and Exports) Tons 
Rio de Janeiro 11,445,345 3,350,785 
Santos 11,019,742 3,736,958 
Recife 3,963,578 867,501 
Baia 4,128,559 623,421 
Rio Grande 2,972,997 470,822 
Porto Alegre ... 1,292,865 1,303,316 


These figures include both foreign and coasting trade. 

It will be seen that both Rio and Santos compare in 
respect to the tonnage handled with the great world ports of 
other lands. In Rio some four thousand ships enter anually, 
of which almost exactly half are in foreign trade and the figures 
for Santos are of the same order. The total merchandise 
(foreign and coastwise, imports and exports) handled at ill 
Brazilian ports in 1937 was 13} million metric tons and tie 
total steamer movements about 50 million register tons. 

In the fourteen organised ports there are 26 kilometres of 
wharfage, 453 cranes, 193 warehouses with over 500,000 square 
metres of covered space, 475 bridge cranes and about 190 kilo- 
metres of railroad. For each of these fourteen ports this pub i- 
cation lists sixty particulars such as entrance depth, dep h 
alongside quays, height of quay floor, etc., which form a mc st 
useful summary and means of comparison. The port charg °s 
are given in full detail. 

The eighteen plates show twenty-five ports. In general each 
gives a location plan showing the position of the port in Braz 
a plan of the approaches to the port, a general plan of t 
port with the wharves, future extensions, depth contours a: d 
typical wharf sections, very much in the manner which 7 ¢ 
Dock and Harbour Authority has been in the habit of arrangii g 
its port plans. In the case of some of the smaller ports two 
three are placed on one plate. 

It is stated that the Brazilian coast includes 138 natur | 
ports, of which 47 are on the sea front and 91 in river mout! 
In the interior of Brazil there are four important river por s 
and two minor lake ports. In addition there are 200 ports © f 
call on the rivers. Economic considerations have prevented 
artificial improvements at more than nineteen of these numero: s 
landing places. 

The waterways of Brazil, including the major part of t 
Amazon and parts of the Parana, Paraguay and Urugu: 
Rivers, are of great importance and long lengths of these rivers 
are navigable within the country. The Amazon is stated ‘o 
have a maximum discharge of 146,000 cubic metres per secon! 
(about four million cubic feet per second), which exceeds that 
of the Yangtze or that of the Mississippi. More than half its 
watershed is in Brazil and it is navigable throughout Brazilian 
territory. 

As Brazil is comparable with the United States of North 
America in area and is rapidly developing, its future must be of 
great significance, and this report will be of much value to all 
persons interested in maritime matters, docks and harbours in 
that part of the world. 








Publication Received 


Insecticide in Warehouses: The Principles of Fumigation of 
Insect Pests in Stored Produce. 

Port Authorities whose activities include the storage of perishi- 
able goods are well aware that every year insects damage or 
destroy millions of pounds worth of stored produce, mainly 
foodstuffs. The ravages of these destructive pests can be pre- 
vented to a great extent by simply keeping the warehouses 
clean. But if the produce or the warehouse is badly infested, 
it may become necessary to adopt other methods, such as fumi- 
gation, to rid them of infestation. Fumigation is a job which 
must be carried out by experts. The Department of Scientific 
and Industrial Research has just issued a pamphlet (The Prin- 
ciples of Fumigation of Insect Pests in Stored Produce; H.M. 
Stationery Office, price 6d.) describing the scientific principles 
underlying the successful fumigation of insect pests that infest 
stored produce. This pamphlet is intended to help the expert 
to apply the results of the most recent findings of science in 
this important and practical field. 

After discussing the varying nature of fumigants and describ- 
ing suitable apparatus for vapourising these where necessary, 
graphs are given to show how stirring the air aids the effect 
distribution of the fumigant. 

Penetration of the gas into the goods depends on how tl 
produce is stacked, while the nature of the building affects tl 
amount of fumigant which will ‘‘cling’’ or leak away. Sugges 
tions are made for the most effective use of the fumigant, an | 
for ventilation of the building afterwards. Finally the pamphk 
deals with the means for observing the effectiveness of th 
fumigation in killing the insects in all parts of the building. 








y 
ds 
I- 


n 


July, 1940 


THE Dock AND HARBOUR AUTHORITY 205 


The Construction of Deep Water Quays 


By ALFRED CHARLES GARDNER, M.Inst.C.E. 


Developments in Ship Design 


HE closing years of the nineteenth ceniury witnessed the 
opening of a new era in the building of large ocean ships, 

when dimensions hitherto attained began to be rapidly 
overtaken, and displacement tonnages greatly exceeded, 

whilst under the pressure of international rivalry speeds steadily 
icreased in the leading shipping lines of the principal maritime 
countries of the world. The contest for maritime supremacy at 
1e beginning of the present century was intensified, if not 
irected, by the revolutionary changes which were then being 
First Phase: Second Phase: 

Paddle-ship era. 
propulsion 
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From the introduction of screw 





warship construction has been scarcely less pronounced, both in 
tonnage and dimensions. 


Effect on Port Development 

All these momentous developments in the number and size ol 
ships have conspired to bring about changes no less revolutionary 
in the political economy of the principal port authorities 
throughout the world. There was a time, long since past, when 
ships were built to suit the accommodation of the ports and 
harbours which they served. That condition of affairs has long 
been superseded by the building or reconstruction of ports to suit 
Third Phase: 
From the introduction of the steam turbine 
and high-pressure water-tube boiler. 
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Fig. 1. Growth of Overall Dimensions of Ocean Steamships. 


tnade iu the design of the propelling machinery of many of the 
newer vessels. The high-pressure water-tube boiler had been 
developed, and the steam turbine had already entered the field. 
Added to these outstanding advances in marine engineering 
progress, improvements of every kind in the auxiliary services 
on board ship, and especially the development of refrigerating 
machinery, hastened forward the day when the markets of the 
world began to be served by mercantile vessels of the trading 
class of dimensions and carrying capacities previously unknown. 
As an indication of the rapid advances made in the size of ships 
since that time, it is perhaps sufficient to say that, whereas in 
1900 there were no vessels with a gross tonnage of 20,000, and 
comparatively few between 10,000 and 20,000 tons, by the close 
of the first decade of the century there were eleven vessels over 
20.000 tons and one hundred and twenty-five others on the high 
seas within the lower tonnage range. Many more were either 
projected or under construction. The latest figures available 
from Lloyd’s Register show that to-day there are eighty-twe 
vessels exceeding 20,000 tons, and four hundred and ninety-six 
vessels within the range of 10,000 to 20,000 tons, in regular 
trading service. The continued growth of world tonnage in the 
natter of large ships is well exemplified by the fact that at the 
end of June, 1939, there were actually under construction no 
ess than fifty-six vessels of from 10,000 to 20,000 tons, four 
essels of between 20,000 and 30,000 tons and three others 
xceeding 30,000 tons, in the mercantile registers alone. The 
ccompanying diagram, Fig. 1, illustrating the principal phases 
vhich have marked the evolution and development of the 
iodern steamship, shows at a glance the great progress made in 
1¢ overall dimensions of the world’s leading liners, particularly 
uring the last 40 years. The lower portion of the diagram 
lows the corresponding advances made during the same period 
1 the draught of such vessels, from which it will be noted that 
draught of 30-ft. was not attained until the beginning of the 
entury. Since that time it has been reached and exceeded by 
many vessels other than passenger liners. The increase in 


*The 1939-40 Vernon-Harcourt Lecture, delivered at the Institution 
| Civil Engineers, on 5th March, 1940, and subsequently repeated at 
leetings of Local Associations at Belfast, Bristol and Glasgow. Re- 
roduced by permission. Mr. Gardner is Chief Engineer, Clyde Navi- 
ation Trust. 


the requirements of ships, and the great advances which have 
been made in the dimensions and draught of ships have involved 
in turn changes of an equally revolutionary character in the 
design of docks and harbours required to accommodate them 
It has meant the wholesale reconstruction of many of the older 
docks, and the deepening and widening of the approach channels 
te many of the older harbours, and has created problems of 
considerable magnitude in the way of docking and_ berthing 
facilities at all the leading ports. The factor of depth or loaded 
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Construction of Deep Water Quays—continued 
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KEY DIAGRAM. ' 
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x 
5 ton FORCE DIAGRAM 
Forces taken for 1 linear yard of wall 
Buoyancy allowed for below extreme low water 
R is resultant of all forces on wall above plane xx. 
W is weight of portion of wall below plane xx, 
&, is vertical component of all forces tending to cause tra f below 
plane xx. (#2,=Asin@ +W) 
R; is horizontal component of all forces tending to cause translation of 5 of wall below 
plane xx. (A,= R cos@) 
R is torce of couple tending to cause rotation of portion of w below plane Xx. 
Couple = #x 52 
It is assumed that this couple is resisted by couples acting front, bottom, and back of the 
portion of wall below plane xx in the ratio otAtad toA(that is, & x SKEAtS XT Ott FA) 


LOAD DIAGRAMS FOR DOCK WALLS. 


draught is the one which has given rise to most of the problems 
confronting the dock engineer to-day, and this factor has 
reference not only to the passenger liner, but to an ever-growing 
number of merchant vessels of the trading class in which 
draughts of from 25 to 30-ft. are now quite common. The 
provision of ample berthage accommodation at deep-water quays 
has, in consequence, become an urgent necessity at every modern 
port. For the purpose of this Lecture, I shall define a deep- 
water quay as one in which there is available at the lowest state 
of the tide a minimum free-water flotation of not less than from 
25 to 30-ft. Many such quays have been built in recent years, 
and various designs and types of construction have been adopted. 
It is my purpose to describe briefly some of the more outstanding 
examples of modern construction and the factors determining 
their adoption, and to consider some of the methods which have 
been successfully employed to increase to deep water the berthage 
in front of existing quays without the necessity for their 
reconstruction. 

It may perhaps be said in passing that it does not usually lie 
within the province of the engineer to select the actual locality 
of a port; more often than not the principal ports have grown 
from very small beginnings on the banks of a river many miles 
from the sea, to serve the interests of an inland city; in fewer 
cases is the port situated on the open sea. The predetermined 
location of an existing port, therefore, with its often restricted 
configuration or layout, is generally the ground upon which the 
engineer is called upon to-day to provide additional deep-water 
berthage for the modern ship. In those instances where the 
river or channel is limited in width, and adjacent hinterland is 
available, the construction of a new dock or tidal basin is often 
the only practical solution; elsewhere, where the width of the 
tideway will admit of it, extension of the site by way of 
reclamation of the foreshore is generally the best solution. Both 
these methods of providing additional quayage at existing ports 
have been widely adopted. of which typical examples in their 
resnective categories are Glasgow and Southampton. Equally, 
beth methods provide the engineer with a freer hand to plan and 
execute such works than would be the case where an existing 
quay has to be demolished and rebuilt, or incorporated into the 


body of a superimposed structure. In such cases, too, the quays 
and their equipment may be designed and constructed in 
conformity with the requirements of modern traffic, and the 
whole layout arranged to suit the special needs of the port. 


Deep-Water Quays on the Clyde. 

With these observations by way of introduction, let us proceed 
to the consideration of one or two major works carried out 
during recent years within the first category; that is, by the 
construction of a dock or tidal basin in which the deep-water 
quays are provided. Many examples might be given, but 
having mentioned Glasgow, we will begin there. From 1920 
onwards the need for additional deep-water berthage became 
acute, and to meet the demand the Clyde Navigation Trustees 
acquired lands near the city on the south side of the river at 
Shieldhall, on which they constructed the King George V. dock 
which was opened in 1931. Glasgow is fortunate in that the 
maximum tidal range in the river is only 12-ft. 6-in., so that a 
closed system of docks is rendered unnecessary, and all the docks 
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Fig. 5. Southampton: 


Wall of Ocean Dock. 
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Fig. 6. London: North Quay 
Wall of King George V Dock. 
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Construction of Deep 


on the Clyde are, in fact, open tidal basins accessible to shipping 
at all states of the tide. A low-water depth of 32-ft. having 
been decided upon for the berthage at all the quays of the new 
dock, the illustration will suffice as typical of other projects 
where similar or identical forms of construction have been used. 
The total length of wall in all the quays is 6,450-ft., of which 
5,601-ft. is of monolith construction and 849-ft. of ordinary 
gravity wall constructed in piled trenches. The monoliths of 
Shieldhall are 30-ft. square, each containing four excavation 
wells and are constructed on steel shoes, each weighing 15 tons. 
The form and arrangements of the monoliths, as also a cross- 
section of the gravity wall, are shown in Figs. 2 and 3. In 
considering the reasons which ied to the adoption of these two 
distinct forms of wall, it is perhaps well to say for the information 
if Students, to whom this Lecture is primarily addressed, that 
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Fig. 8. Liverpool: Wall of 
Branch Dock, Gladstone 
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Fig. 7. Hull: Wall (on Running Sand) 
of King George V Dock. 


no engineering works of any magnitude should at any time be 
undertaken, or any detail designs prepared or more than 
approximate estimates given, until the most exhaustive 
intormation has first been obtained as to the character of the 
ground upon which they are to be built. Especially is this 
necessary where dock works are concerned. Intormation, 
however seemingly unimportant, gathered it may be from 
apparently uninformed sources, may often prove of value; added 
to which a little literary research into the ancient history of the 
district may not be without reward. A knowledge of the geology 
of the region, augmented by the more precise information 
obtained from a system of deep borings and trial pits, not only 
on, but adjoining, the area of the site, should then give the 
engineer a fairly reliable idea of what he ought to know. = In 
recent years much closer attention than formerly has been given 
to the subject of soil-mechanics; that is, the study of the 
mechanical properties of soils in their relation to questions of 
lateral and foundation pressures, and the effect of consolidation 
due to pressure on underlying strata of low permeability, such 
as clays, in which compression may occur, giving rise to gradual 
settlement. A study of the more recent researches into this 
subject will well repay the Student whose activities lie in the 
direction of designing or carrying out heavy oil engineering works 
involving deep foundations. In the case under consideration, 
numerous bores put down on the line of the projected quays 
showed that, except for a comparatively small area, where 
boulder clay and rock were met with, the greater part of the walls 
would have to be founded on sand. A detailed examination of 
the materials from these bores, and a comparative study of the 
bering records, indicated that monolith construction would be 
the most satisfactory method, except in those areas where the 
rock and boulder clay were encountered, in which areas the solid 
gravity wall was constructed. 


The Design of Gravity Walls. 

The general conditions governing the design of gravity walls 
have been very fully dealt with in numerous works on the subject. 
The subject is rather a complex one, and involves a number of 
considerations not always capable of exact determination; as 
affecting the stability of a wall, however, the principal forces 
acting upon it are: 

(1) The horizontal pressure on the back of the wall, due to 
the material forming the filling, and any water which 
may be contained in the ground. 

(2) The horizontal pressure due to surcharge or super- 
imposed loading on the ground behind the wall. 

(3) The pull of the ship’s mooring on the quay-front at its 
highest point. 

These constitute the principal overturning forces. 

Resisting these forces are:— 

(1) The vertical weight of the wall itself, and any direct 

loads upon it. 
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Water Quays—continued 


(2) The weight of any filling resting on the back steps of 

the wall. 

(3) The unbalanced water-pressure on the face of the wall. 
These constitute the principal forces resisting overturning. 
In addition, there is, of course, the resistance due to friction 

between the base of the wall and the underlying material to be 
taken into account, which is the factor of principal importance 
in preventing sliding, as well as the upward pressure under the 
base of the wall due to buoyancy where it rests on a porous strata, 
both of which are fundamental considerations. 

Other calculations depending on design arise when, for 
example, there is a toe or projection in front of the wall itself, 
but in the general case of stability of the wall is attained when 
the algebraic sum of the moments of all the forces acting about 
any point in it is zero. 

In practice, however, the location of the line of resultant 
pressure within the middle third of the width of the wall at 
dredged level or dock bottom will generaily ensure a safe margin 
of stability, and by general assent this has been long accepted 
as a safe working rule. 

The indeterminate factors are, and always must be, the nature 
of the ground upon which the wall rests, and the behaviour, 


characteristics, and water-content of the material constituting 
the filling behind the wall. For this reason, the effective 
drainage of the back of the wall is a matter of considerable 


importance in relieving the back pressure by effecting a balance 
between it and the varying tidal pressure on the front of the 
wall. 

Provision against the possibility of sliding (where there is any 
reasonable likelihood of this occurring), which has been the 
most fruitful source of failure in walls, can best be secured by 
sloping or stepping the base of the wall downwards from front 
to back, or by driving sheet-piling in front of it. Every case, 
however, must be determined on its merits, and in the light of 
alt available information, not only concerning the character of 
the ground upon which the wall rests, but also with regard to the 
underlying strata for some considerable distance below _ it. 
Information on this point is of equal importance with that of the 
actual bearing strata, for the reasons previously referred to. The 
accompanying diagram (Fig. 4), illustrates the conditions 
obtaining in the case of the monolith wall at Shieldhall Dock, 
in which the principal factors referred to have been taken into 
account. 

It was perhaps only to be expected that a period which 
witnessed such a remarkable increase in the size and tonnage of 
ships as the last 40 years, should have been marked by the 
adoption, wherever practicable, of the more solid forms of 
construction associated with the gravity wall or its later 
development, the monolith, in preference to lighter forms of 
construction such as the piled or open-stage quay. There was 
much to be said in its favour, especially in view of the concurrent 
advances in the dimensions and weight of quayside cranes and 
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Fig. 9. Swansea: Wall of King’s Dock. 
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Fig. 10. Immingham: Dock Wall. 
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dock equipment generally, both in respect of its robustness and 
low maintenance costs, with the result that many excellent 
examples of this type of wall are to be found in the deep-water 
quays built during the last 25 or 30 years in all parts of the world. 

The wall of the Ocean Dock at Southampton, the walls of the 
King George V Docks at London and Hull, and those at 
Liverpool, Swansea, and Immingham, to mention only a few 
instances in Great Britain, are all typical illustrations of this 
form of construction, exhibiting in their several contours 
variations and divergencies imposed by the special conditions of 
each case. 

It will be noted, in the case of the Southampton wall (Fig. 5) 
—the first of the series here referred to—that the width of the 
wall at its base is more than half its height, whilst its depth 
below the bottom of the dock presents a continuous vertical 
pressure face 10-ft. in height opposed to the resistance of the 
earth. The character of the ground upon which this wall is built 
consisted of a particularly plastic clay, and the history of the 











Construction of Deep 


failures due to sliding which followed the construction of the 
walls of the earlier Empress Dock in that vicinity suggested the 
dimensions of width and foundation depth illustrated in the 
cross-section. 

The walls both at London and Hull (Figs. 6 and 7) follow 
more normal proportions. In the former case they were founded 
on ballast and chalk, whilst at Hull the ground under the base 
of the wall in the particular section given consisted of running 
sand which was confined between sheeting in the manner shown. 
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Fig. 11. Glasgow: Sinking Caisson Wall of 
Plantation Quay. 


At Liverpool, where a variety of gravity walls are to be found, 
the illustration (Fig. 8) shows the type of wall adopted at the 
Gladstone Dock, which was carried out in trench and founded on 
rock and gravel some 6-ft. below dock bottom. 

The wall at Swansea (Fig. 9) is interesting from.the fact that 
in the section shown, where the minimum depth of the. founda- 
tion is 4-ft. below dock bottom, a water depth of 35-ft. is 
obtained with a wall 45-ft. in height. The ground for the most 
part consisted of compact ballast of excellent character, but in 
some few places, where soft clay was encountered, the excavation 
trenches were carried down deeper, attaining in one instance a 
maximum depth of 28-ft. 6-in., which made the height of the 
wall 69-ft. 6-in., or nearly twice the water depth in front of it. 

At Immingham, the walls, where they were founded on clay, 
are of the wide sloping-base section shown in Fig. 10. 

Where a solid foundation exists at a reasonable depth, and 
open trench excavation can be adopted, the gravity type of wail 
is generally the most economical form of construction, especially 
where the loads on the quays are considerable, or the wall is 
required to accommodate heavy moving structures such as 
travelling elevators or coaling cranes. There is a point, how- 
ever, where this type of construction ceases to be economical, 
or even practicable, and recourse must be had to other methods; 
that is, either to a wall founded on caissons, or to one composed 
entirely of monoliths carried down to strata of sufficient strength 
and thickness to carrv the weight. or else to some form of braced 
structure involving the use of piles. 
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Fig. 12. Havre: Caisson Wall of North Quay. 
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The Caisson Wall 
The caisson wall, using the term in its strictest sense, is that 
form of construction in which a steel caisson is sunk under 
compressed air, and a gravity wall built up on it as sinking 
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Water Quays—continued 


proceeds. The caisson itself 1s usually of the same width as the 
base of the wall, although it may be wider; and is usually 
rectangular in form, and of a length adapted to the conditions 
and requirements of the site. The working chamber must be of 
sufficient height to permit the excavated material to be removed 
through vertical access shafts carried upwards through the wall 
to air locks above high-water level, the working chamber and the 
access shafts being finally sealed with concrete when founding 
level is reached. 

Several such walls have been built in Glasgow Harbour in 
recent years, of which a typical section is given in Fig. 11. Here 
it will be noted that the caisson is somewhat wider than the wall 
itseif, and was so designed to permit the pressure on the founda 
tion to be kept within reasonable limits as well as to equalise the 
loading during sinking. These caissons were built up on a piled 
staging and lowered into position on a_ previously-dredged 
bettom. Perhaps the largest caissons used in this way are t 
be found in the north wall of the new basin at Havre, where 
rectangular steel caissons 141-ft. long and 46-ft. wide, built 
ashore and floated into position, were sunk to a depth of about 
12-ft. below dredged level, or which a stone-faced mass-concrete 
wall was constructed, as shown in Fig. 12, thus providing a 
deep-water berth of about 42-ft. at low water of ordinary spring 
tides. 

The caisson method, involving as it does excavation by hand, 
or, at the best, by means of mechanical spades, requiring the 
material so removed to be lifted through access shafts and dis- 
charged through air locks, is neither an expeditious nor an 
economcial one, but it is sometimes the only method that can 
safely be adopted to reach a foundation through any considerable 
depth of soft mud or running sand, or for the construction of an 
isolated quay in open water where there is any considerable rise 
of tide. One of the chief advantages of the caisson is_ the 
comparative ease with which it can be controlled during sinking 
and ultimate founding. 

(To be continued). 








Note on previous Book Review 


In reference to the review of ‘‘ Travaux Maritimes—Tome 
I11]—Ouvrages Intérieurs et Outillage des Ports,’’ which 
appeared in the March, 1940 issue of this Journal, one of the 
joint authors has written as follows:-— 


‘‘ The remarks made have received my close attention and 
warrant me in advising the reasons why certain developments 
of the subject do not appear in this volume. The considera- 
tion of earth pressures is the subject of a special course in thé 
charge of M. Caquot at the Ponts et Chaussées College. Earth 
pressures are not sufficiently peculiar to quay walls, except 1s 
to the general principles which are summarised in chapter II ot 
our book, to justify a repetition which would have greatly 
enlarged the volume, already rather large. 

‘‘ The Kenitra quay wall is held back by oblique and hori- 
zontal anchor ties of reinforced concrete, of rectangular section. 
measuring 30 centimetres in height vertically and 12 centi- 
metres horizontal width; they are reinforced with 8 round bars 
of 14 millimetres diameter for the lower ties and 12 millimetres 
for the upper ties. The anchor plates measure about 1 metre 
in diameter. Detail designs relative to an analogous wall built 
at Comines are the subject of an article entitled “‘The Ravier 
system of sheet piling’’ in the Engineer, 3rd August, 1923. 

‘‘In respect to the peculiarities of the Carlesimo dredgers, 
and the characteristics of the new Fruehling dredgers at the 
La Plata and at Shanghai, it would be useful to know where 
information on these matters has been published.”’ 

DE ROUVILLE, 

Director of Lights and Buoys, etc., 
Ministry of Public Works, Paris. 
and Professor at the National 
College of ‘‘Ponts et Chaussées.”’ 

Our reviewer replies as follows:— 

‘* While appreciating that this volume is only one of a series, 
it does appear somewhat unusual in a book published in 1940, 
which touches on earth pressures, not to mention the subject 
of ‘‘ soil mechanics,’’ as the latter has transformed our ideas 
on earth pressures in a fundamental manner. The reviewer 
stated specifically that he intended no ‘“‘criticism of the design 
of that particular wall’’ (Kenitra), but did remark on the 
general tendency to make anchor plates inconsistently small. 

‘‘With regard to drag suction dredgers, there is a full biblio- 
graphy on this subject in a paper entitled ‘‘ The Principles of 
Drag-Suction Dredging ’’’ in the Journal of the Institution of 
Civil Engineers, June, 1939, p. 197-8. This paper was 
reproduced in the August 1939 issue of The Dock and Harbour 
Authority but the bibliography was not included.’’ 

















July, 1946 
Studies in Port History 
The Hanseatic League 


By “ HELIOS.” 


The development of ports has sprung from two sources, 
naval and commercial, and the latter has been the more con- 
tinuous and predominant in its effect. The early expeditions 
of the ancient Egyptians for precious metals (the mystic 
‘‘givers of life’’) were succeeded by the commercial navigation 
of the Phoenicians who seem to have been the first to create 
lefinite harbours, of which Tyre, Carthage and Marseilles are 
the most important examples. The tradition was carried on 
»y the Macedonian and Roman empires so that the world of 
he early Christian centuries was familiar with sea commerce. 
The break up of the Roman Empire was followed by extensive 
ea raids by the Scandinavians and it is doubtless to this source 
hat we must look for the origin of the maritime activity of the 
suropean people which has grown to such a prodigious affair. 
eaving aside the part played by Venice and other Mediterr- 
inean centres, one of the principal organisations which was 
esponsible for this development is the Hanseatic League. The 
vord ‘‘Hansa’’ itself means a league, so that it is perhaps 
etter to use it simply as such. 

This celebrated confederacy was formed in the thirteenth 
entury between certain commercial towns with a view to sell 
lefence against the exactions of monarchs and nobles and to 
lear the Elbe, the North Sea and Baltic of pirates. It began 
mn a limited scale in 1239, when Hamburg entered into an 
igreement with Ditmarsch and the district of Hadeln. In the 
‘ear 1241 Luebeck was included and in 1247 Brunswick, after 
vhich many other towns were associated with it. The asso- 
‘iated towns were eventually grouped in four divisions, of 
vhich the leading cities were Luebeck, Cologne, Brunswick 
ind Danzig. While the structure was always a rather loose 
me, the League gradually became sufficiently powerful to 
1egotiate with monarchs and by the exercise of armed power 
vecame an almost independent political entity, although nomin- 
lly controlled by the ‘“‘Roman’’ emperor. At its highest 
success. it included no less than eighty-five confederated towns. 
In 1266 it had a ‘‘factory’’ in London, termed the ‘‘Steelyard.’’ 
Similar ‘‘factories’’ existed at many other towns, especially at 
Bruges, Novgorod and Bergen. 

Stow (‘‘Survey of London’’) has an interesting reference to 
this ‘‘factory’’:— 

‘‘Next to this lane (Cosin Lane In Dowgate Ward, whence 
Dowgate Hill next to Cannon Street Station), on the east, is 
the Steelyard, as they term it, a place for merchants of Almaine 
(Germany), that used to bring hither as well wheat, rye and 
other grain, as cables, ropes, masts, pitch, tar, hemp, linen 
cloth, wainscots, wax, steel, and other profitable merchandises. 
Unto these merchants, in the year 1259, Henry III. at the 
request of his brother Richard, Earl of Cornewell, king of 
Almaine, granted that ‘‘all and singular, the merchants, having 
a house in the city of London, called Guilda Aula Teutonicum 
(Guildyard of the Germans) should be maintained and upholden 
through the whole realm, by all such freedoms, and free 
usages, or liberties, as by the king and his noble progenitors’ 
time they had and enjoyed, etc.’’ Edward I renewed and con- 
firmed that charter of liberties granted by his father . . . ‘‘They 
were great merchants of corn brought out of the east parts 
hither, insomuch that the occupiers of husbandry in this land 
were forced to complain of them bringing in such abundance 
when the corn of this realm was at such an easy price, where 
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Fig. 1. Crane Tower, Danzig (1443 A.D.). 
upon it was ordained by parliament that no person should 
bring into any part of this realm, by way of merchandis¢ 


wheat, rye or barley, growing out of the said realm, when the 
quarter of wheat exceed not the price of 6s. 8d., rye 4s. the 
quarter, and barley 3s. the quarter . . . . In the year 1551, and 
the Sth of Edward V, through complaint of the English 
merchants, the liberty of the steelyard merchants was seized 
into the king’s hands and so it resteth.”’ 

During the period of its activity the League was a great 
stimulant to commerce, but the growth of other centres, the 
imposition of tariffs and quotas (such as is alluded to above) 
and changes in political conditions in Germany, caused it to 
decay in the middle of the seventeenth century, but it left 
behind various free cities which flourished as such for a long 
time afterwards and to this present day continue some of the 
Hansa traditions. 

According to Richard Mayr, ‘‘England was the first northera 
country of Europe with which the Germans entered into an 
over-sea mercantile relationship. A statute of the reign ol 
Ethelred the Unready enumerated the taxes paid by German 
merchants in return for the privileges of participating in the 
London market. Documentary evidence of the existence of an 
association of Cologne merchants in London has come down 
to us from the twelfth century. King Henry II took these 
traders under his protection, nor did it matter in what part of 
the country they settled; in other documents their wine 
trade is spoken of on the same footing with the French, and 
their London house is mentioned. Richard I, on his return 
to England by way of Cologne after his imprisonment, granted 

freedom from customs and taxes, as well as 
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the privilege of trading in English markets, 
to the Cologne merchants.”’ 

It is thus clear that there was a considerable 
body of sea trade proceeding before the 
existence of the German Hansa, which 
was, in fact, preceded by a Cologne Hansa 
and a Flemish Hansa, which doubtless served 
as models. At the end of the twelfth century 





the inhabitants of the German colonies on 
the Baltic began to come to England and 


’ there was a violent controversy between them 


. and the Cologne Hansa as to trading rights 
‘ a} The Emperor Frederick II gave them equal 
rights with the merchants frem Cologne, and 
it was as the outcome of this that the Hamburg 
and Luebeck MHansas developed and a 
general agreement of the three was arrived at 
in 1282. 

The ‘‘ Steelyard ’’ referred to above, was 
surrounded by high walls. with heavy gates. 
It was open towards the Thames, with a flight 
of steps down to the river; a wharf with a 
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Studies in Port History—continued 


crane aided in unloading vessels brought alongside. Magazines, 
cellars, offices and dwelling houses, lay within the enclosure; 
rigid discipline was maintained and the officials were bound 
to remain at their posts unmarried for ten years. Conditions 
were doubtless very much the same as those in the Canton 
‘factories’ of the early nineteenth century. 

The early history of English trade is the history of the struggle 
between the Hansa and the English Company of Merchant 
Venturers, which originated in Canterbury from an association 
of wool merchants. The Hansa had its Navigation Law 
(‘‘Hansa goods in Hansa ships’’) and the Edwards depended 
on the Hansa for the carriage of their armies and for loans, so 
that they forbade English ships to carry English goods. 
Richard the Second tried to break this restraint, but failed, 
and Henry of Lancaster made a peace with the Teutonic 
Knights, who protected the Hansa, which prolonged the 
monopoly. Warwick, the Kingmaker, made a similar un- 
successful endeavour, and the Hansa privileges were a con- 
tinuous case of dissatisfaction. The Hansa fleets supported 
Edward IV against Warwick and his victory has even been 
attributed to this assistance. 














The Milk-Can Tower on Warehouse Island. 


Fig. 3. 


The English Merchant Adventurers then armed their ships and 
by the time of the Tudors had reduced the power of the Hansa 
considerably, especially as the latter relied upon the aid of 
the Spanish Navy, which was impotent after the defeat of the 
Armada. Cromwell’s Navigation Law, which was aimed prin- 
cipally against Dutch shipping, completed the ruin of the 
Hansa, which then fell back on the German coasting trade. 
German shipping did not recover until after the introduction 
of Free Trade in England. 

As mentioned by Stow, the Hansa was the great supplier of 
marine stores from the Baltic. Hemp, pitch, tar, timber and 
other naval articles were under the control of Luebeck, and 
the English Adventurers after a partial success in procuring 


such material from Russia were eventually obliged to seek 
them in Newfoundland and North America. Thus are the 
strands of commerce interwoven with those of exploration. 


Even iron was largely obtained from Germany and Hansa 
controlled areas. Way back in Knut’s time Swedish iron was 
imported into England by Scandinavian ships and until the 
time of Elizabethan England was so largely depedent on foreign 
iron that the Spaniards considered her defeat would be easy on 
this account alone. It was from this time that the ores of 


Monmouthshire and Sussex began to be freely worked, term- 
inating, incidentally, in the destruction of much of England’s 
forests for the production of charcoal. 

It was, however, the wool trade that was the key to the 
whole position, so that whereas the Hansa merchants carried 
English wool and monopolised the business for many centuries, 





in Tudor times cloth was made in England and exported in 
English ships. By the eighteenth century, says Colvin, Danzig 
had become a depot of the English cloth trade and a hewer 
of wood for the English Navy. We are not concerned here 
with the subsequent developments arising from the Englis! 
policy of Free ‘trade, the cmergence of Germany as a manu 
facturing nation and the transformation of world commerce by 
the steel steamship, since these things took place after th 
Hansa had ceased to be an effecting organisation. 

The shipping by which the Hansa exercised its power wa 
not, until the later stages, greatly advanced beyond that of th: 
Vikings or even that ot the Egyptians of 2500 B.C., but never 
theless the Hansa shipbuilders did make serious contribution 
tc naval architecture as time went on, and the technique o 
sailing was appreciably developed. Their relatively small ship 
made no great demands for port construction and as a matter o 
fact mosi of the ports were in river mouths which needed nothin; 
but quays. 

Thus, of the five principal Hansa towns, Luebeck, is on the 
Trave, only eight miles from the Baltic, Hamburg on thi 
Elbe, 75 miles irom the North Sea, Brunswick is on the Ocke 
more than 100 miles {rom the North Sea, Cologne is a simila 
distance up the Rhine and Danzig is about six miles up om 
of the mouths of the Vistula. Stettin on the Oder, Koenigsber; 
on the Pregel, and many other ports associated with the Hans: 
are similarly situated. 

As an example of the equipment of a Hansa port, the famou 
Krantor (Crane-Tower) ot Danzig may be instanced (Fig. 1) 
The existing structure was rebuilt in 1443 after a fire whicl 
destroyed the preceding one. It was operated by two large 
timber treadmills, worked by prisoners, and these treadmill: 
are still to be seen, although the actual crane is now actuate¢ 
by an electric motor. It serves for heavy loads and in par 
ticular for handling masts. There can be little doubt tha 
ordinary cargo was worked by hand-labour and that a Hans: 
port would have closely resembled a junk anchorage such as 
may yet be seen in any large Chinese port. Warehouses of the 
type used in the fourteenth century are shown in Fig. 2 
Special areas were set aside for grain and salt, and two of the 
old military buildings on the “‘Grain Island’’ are shown i 
Fig. 3. 

For those who are interested in the history of the relations 
between the Hansa and England, there is no better referenc« 
than Hakluyt’s ‘“‘ English Voyages,’’ in which ere described 
in considerable detal the negotiations and rivalries of the 
Hansa and English merchants at the beginning of the fifteenth 
century, culminating in an agreement made at the great castle 
of Marienberg on the Nogat in 1408 and confirmed in London 
in 1409 by Henry IV. 

While history does not repeat itself, there is a repetition of 
tendencies, and the student of history may see in the present 
conflict an enhanced example of an agelong struggle between 
the powers of the Baltic and those of the Atlantic shore for th 
supremacy in world-trade. Man’s folly is eternal. Co-operative 
effort would achieve far more than this futile striving for 
exclusive power, but it is very doubtful if the lesson will ever 
be learned. 








The Application of Reinforced Concrete to Wartime Building. 

In view of the need for maximum economy in the use of 
steel in wartime construction, the potential savings in steel to 
be realised by reinforecd concrete construction are reviewed in 
War Time building Bulletin No. 2 (H.M. Stationery Office, 
price 6d.) which has just been issued by the Building Rezearch 
Station of the Department of Scientific and Industrial Research. 
Using the single storey flat-roofed designs given in Bulletin 
No. 1 as a basis, data are given showing that only a half or a 
third of the weight of steel may be necessary if reinforced 
concrete is used in place of structural steel. A diagram shows 
the relation between the weight of steel per 100 sq. ft. and the 
spacing of the vertical supports for various types of construc- 
tion. For reinforced concrete, spans of from 20-30 feet are 
found to be most desirable. 

There is a shortage of material for shutterjng but consider- 
able stocks are in existence and some suggestions are made for 
utilising this supply to the best advantage. Unnecessary archi 
tectural features such as recessed panels, plinths, etc., should 
be eliminated or reduced, and formwork should be stripped at 
the earliest moment, consistent with safety. A table of suggested 
times is given, but the Bulletin siresses that with reinforced 
concrete construction it is essential that buildings should be 
erected only under expert supervision by firms specialising in 
this type of work. 

Shuttering could be saved, also, by the use of promising 
systems of precast construction, although the cost will be 
correspondingly higher. It is intended in future Bulletins to 
put forward a number of type designs which represent so far as 
possible the most economical and efficient use of reinforced 
concrete for factory construction. 
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Notes of the Month 


Record Cargo of Bananas. 


A record cargo of 139,799 stems of bananas was unloaded 
recently at the docks of the Port of London. The consignment 
represents about 17 million bananas which were carried in addi- 
tion to citrus fruits. 


New Warehouse at Kobe. 


A new warehouse has been opened on the waterfront of the 
ort of Kobe, Japan, in order to provide accommodation for 
the handimg and storing of cotton shipments. The largest 
lock has a storage area of almost 20,000 square yards. 


Port Improvements at Palermo. 


The Council of Ministers of the Italian Government has sanc- 
ioned the expenditure of 40 million lire on improvement works 
it the Port of Palermo, Sicily, including the installation of 
dditional craneage, the erection of warehouses, laying of rail 
racks on the quays, the provision of new administration offices 
ind the dredging of two channels. 


Sinancial Outlay at Durban. 

A sum in excess of £650,000 is to be expended on improve- 
nents this year at the Port of Durban, Natal, in accordance 
vith the programme of the Railways and Harbours Administra- 
ion of South Africa. The works actually included in this year’s 
stimates involve a total estimated cost of £3,593,000. Up 
o the present, just over half-a-million has been spent on them. 


Reinforced Concrete Barges. 


An experimental order for a number of reinforced concrete 
barges has recently been placed by the British Admiralty. This 
follows a precedent of the last war when such barges were con- 
structed with reasonable success. Indeed, the principle of rein- 
forced concrete construction was extended to a pair of small dock 
gates, but this line of development has not been pursued since. 


Acceleration of Cargo Clearance at Liverpool. 

The Liverpool Port Emergency Committee has issued a notice 
calling the attention of all shipowners, shippers, traders, master 
porters, ships’ agents and others to the urgent need under 
present circumstances for the rapid clearance of goods from the 
dock quays. It is pointed out that heavy penalty rents will 
be imposed on goods which are allowed to remain for undue 
periods. 

Penang Port Dredging. 

The urgent necessity for dredging operations adjacent to the 
Weld Quay at Penang Harbour was voiced by the chairman 
(Mr. Jules Martin) at the Annual General Meeting of the 
Penang Chamber of Commerce in April. Mr. Martin complained 
that no satisfaction had been obtained in correspondence with 
the Government beyond a vague promise to dredge when a 
dredger became available, which it was thought, might be 
some time next year. 

Improvement of Mississippi River. 

It is announced in the American press that the U.S. Senate 
Commerce Committee has recommended the improvement of 
the Mississippi River from Baton Rouge to the Gulf of Mexico 
by widening the channel wherever necessary from its present 
minimum of 300-ft. to 500-ft., and the maintenance of the mini- 
mum depth between New Orleans and Baton Rouge at 35-ft. 
The estimated cost of the improvement, as authorised, is 
$4,200,000. 


Proposed Improvements to Colombo Dry Dock. 


It is reported that the Colombo Port Commission are pro- 
posing to effect certain improvements at the graving dock, 
including the fitting of chain booms to eliminate the risk 
of collision between a vessel out of control and the caisson or 
the inner dock gate. It is also proposed to fit sluices in the box 
gate in the inner dock to avoid delay in emptying the inner 
dock with the main dock pumps. 

New Graving Dock at Sydney, N.S.W. 

The proposal for a large new graving dock for the Australian 
Government which has long been under consideration, has at 
length matured to the extent of the settlement of the site, which, 
on the recommendation of Sir Leopold Savile, who was called in 
to investigate and advise on the matter, is to be in Sydney 
Harbour. Reuter’s agency reports that the dock, capable of 
receiving battleships, will link Pott’s Point on the mainland with 
Garden Island, the naval establishment. It will monopolise the 
entire width of the present channel between the two places and 
close it as a water thoroughfare. The estimated cost of the 
undertaking, which has just been approved by the House of 
Representatives, is £2,997,000. 


Bristol Channel Dry Docks. 

Press reports indicate that not only is the normal dry dock 
accommodation at Bristol Channel ports fully occupied, but that 
an extension of the number of docks in service is’ gradually 
taking place. 


Increased Use of New York Dry Docks. 


A Report from the United States Maritime Exchange shows 
an increase of 64 per cent. in the number of foreign vessels dry 
docked and repaired in the New York District since the com 
mencement of the War. The number of American ships putting 
into New York yards for repairs has remained stationary 


New Naval Supply Base at Oakland. 


A naval supply base of considerable magnitude and costing 
$15,000,000 is in course of erection at Oakland, California, 
U.S.A., opposite the Golden Gate on a waterfront site provided 
by the Board of Port Commissioners. The design includes a 
marginal wharf of reinforced concrete 


British Port Entrance Restriction. 


As from June 8th, an order was issued prohibiting merchant 
vessels from approaching within three miles of the coasts and 
ports of the United Kingdom between sunset and _ sunrise, 
except in an organised British convoy. The order does not, 
however, prohibit the use of a recognised coastal searched 
channel where this encroaches on the three-mile limit. 


New Port Warehouse at Haifa. 


There has just been completed at the Port of Haifa, Palestine, 
a large three storey warehouse with 6,000 square metres storage 
area, the property of the Levant Bonded Warehouses Co., Ltd. 
The site is adjacent to the harbour entrance at Palmer’s Gate 
and the building is served by three large entrances in Harbour 
Street, as well as by a covered passage along Palmer's Gate, 
so that trucks can unload under cover, while a railway siding 
connects the building along the front facing the harbour 


New Wharf at Darwin. 


The Federal Government of Australia have decided to con 
struct a new wharf at Darwin in the Northern Territory. It 
is estimated to cost between £150,000 and £170,000, and will 
take the place of an old and archaic structure, which is now 
quite inadequate for the needs of the port, as well as being 
awkward in design and inconvenient in operation. The new 
jetty will be extended into deeper water, so as to be able to 
accommodate deep-draughted shipping. 


Harbour Repairs at Nairn. 


Repairs to the East and West piers at Nairn Harbour in the 
Moray Firth due for the most part to extraordinary scouring 
action of the East Beach caused by prolonged south-easterly 
gales during the past winter season, have been the subject of 
correspondence between the Nairn Town Council and the Fish 
eries Section of the Scottish Home Department, the main 
difficulty being the question of finance. At the meeting of the 
Council in May the matter was discussed and deferred pending 
receipt of the engineers’ report on the probable cost. 


Near European Ports Control. 


The Near European Ports Control in the Port of London has 
been established, under which neither the master nor a 
member of his crew is permitted to land from any Belgian, 
Dutch, Norwegian or neutral ship arriving from or proceeding 
to ports in Belgium, Holland, Italy, Latvia, Estonia, Lithuania, 
Norway, Portugal, Finland, Russia, Spain and Sweden. On 
arrival of a vessel from the above countries, the master will be 
conducted under military escort to the naval control service 
office in the Port of London Authority Building for examina- 
tion, but he will not be allowed to land a second time. 


Proposed New Dry Dock at New York. 


It is announced that the Port of New York Authority is 
seeking authorisation from the United States Government for 
the construction of a large new dry dock in New York Harbour 
of sufficient capacity to accommodate the largest mercantile or 
naval vessel afloat. It is proposed that the dock should have 
a length of 1,100-ft., capable of extension to 1,200-ft., which 
is the length of the locks on the Panama Canal. Eight sites 
have been submitted to the Navy Department for consideration; 
five in Upper New York Bay and three at points along the 
Hudson River. It is proposed that as a work of national 
importance, the cost of the dock should be divided between 
the Government and the Port Authority. The need for a large 
dry dock at New York has already been recognised in legis- 
lation before the U.S. Congress in 1938. 
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The History and Development of the West India 
Docks, London 


Early Conditions 
ROM a glance at the map of the Thames it would seem that 
ample wharf space is available for the loading and 
unloading of all ships using the port and that extremely 
costly locked docks would be quite unnecessary. Yet, a 
century-and-a-half ago, due to the great increase in trade, there 
was a continual outcry at the chaotic conditions which then 
existed on London’s water highway and an insistent demand 
arose for more room. In the first place, the river had been 
allowed to silt up, and there was a general insufficiency of 
moorings. The smaller ships were able to navigate right up to 
the Pool, whilst the great Indiamen remained lower down, 


Docks 


gone by, as 


The West India 
of times 
depicted in an engrav- 


The 


now 


ing by T. Barber. 
old clock 
demolished, can be seen 
1914 
was 
hall- 


sheds re rie 


tower 
in the centre. In 
a new false 
built 
decked — transit 

’ 


; : a yma 
added. ieee ra) 


TS 


quay 
and three 


 . now 


goods being conveyed to the quays in lighters. There was 
always acute congestion at the moorings at Blackwall Reach, 
hereditary to the East Indiamen and the West Indiamen, where 
the tiers of ships almost blocked the fairway and were forevet 
menaced by the movements of other ships and always at the 
mercy of the river thieves. Pilfering was a regular profession 
and soubriquets such as “ lighthorsemen,’’ ‘‘ heavyhorsemen,’’ 
““ mudlarks,’’ ‘‘ leatheraprons,’’ etc., denoted the specialised 
class of robber. In point of fact, boatmen, labourers or porters, 
watchmen, revenue officers, captains, mates and crews all 
considered, either the ships’ equipment or cargo fair game, and 
the loss to merchants and the public revenue alike was immense. 
Even when all goods had been discharged into craft, the loss 
did not cease as the legal quays (too few in number) were 
congested. Hogsheads of sugar were piled six or eight high, 
and until room became available, laden craft had to remain at 
the mercy of plunderers. Besides, even on the quays, the goods 
were not safe and, in addition, were subject to storm damage. 
Delivery, too, was hampered by the narrowness of the streets 
which, in the neighbourhood of the quays, were daily blocked 
by carts. 

It is not surprising, therefore, that in 1796. after a publicity 
campaign urging reform as a vital necessity, William Vaughan, 
a London merchant, backed by _ representatives of the 
commercial community and public bodies, succeeded in 
organising a petition to Parliament. The signatories sought 
powers to construct wet docks, stating that these ‘‘ would best 
tend to remove the difficulties and inconveniences which affected 
the commerce of the port.’’ Parliament realised that something 
had to be done immediately, and next to the powerful West 
India Merchants, were eager supporters of the project. The 
House of Commons appointed a committee to take evidence 
from all interested users of the port, and it was not long before 
the evidence given satisfied them that the construction of docks 
appeared to offer an ideal solution. At one fell swoop, all the 
evils of the river so far as the West Indian Trade was concerned 
would end and, in addition, the Crown interests would be 
assured. 


Other agitators were at work, too, with a like idea 





By J. R. F. TAYLOR. 


for other trades, but it is fitting that merchants trading with 
the West Indies should have secured the first privilege. Their 
business was not only the largest in the port, but easily the best 
organised. The Society of West India Planters and Merchants 
(now the West India Committee) kept a register of labourers 
engaged in the handling of cargoes from the West Indies and 
their men wore a distinctive uniform. In addition, they 
possessed an armed police force, whose task it was to prevent 
plundering. Thus, favoured with the assistance of the 
Corporation of London, the West India merchants lost no time 
in promoting their scheme for docks at the Isle of Dogs and on 
12th July, 1799, their Bill received the Royal Assent. 





The chief obstructors of the Bill were the proprietors of the 
Legal Quays and Sufferance Wharves, togetner with the 
watermen and lightermen who greatly feared loss or damage to 
their businesses. Their plaint was so strong that it was decided 
to placate them, and so in the West India Dock Act, 1799, 
some most extraordinary sections are to be found. In the first 
place, the Company secured a complete monopoly for 
twenty-one years of the right to unload the cargoes of all 
vessels arriving in the port from the West Indies and also West 
Indian produce borne as part cargo in vessels from other ports. 
Outward-bound cargoes to the West Indies were also required to 
be loaded at these docks. The interests of the obstructors were 
protected by the insertion in this Act and in the subsequent Acts 
promoted by other companies of a provision known as the 
‘* Free Water Clause.’’ This provides that all lighters may use 
the dock waters free of dock charges when engaged in receiving 
from or delivering goods to ship. Thus the docks became 
tributaries of the Thames and craft users still enjoy this facility, 
toll free. Likewise, to placate the owners of the river’s dry 
docks, the building and repair of vessels by the Company was 
prohibited. 

The Bill itself was a complete innovation and very detailed 
in character, laying down precise directions for the management 
and operation of the undertaking. Time proving the wisdom 
of the framers of the bill, many of the clauses were incorporated 
in the Model Act passed some forty years later. A regulation 
very necessary in the days of sail, but which has now 
disappeared, enforced a rigid ‘‘Lights Out’’ order. Large bells 
were rung for the space of ten minutes every evening and 
morning, and during the intervening hours no fires, candles, or 
lights were permitted to be burning aboard any vessel 
whatsoever. The period varied according to the season, the 
hours of ringing between Lady Day and Michaelmas being 
8 p.m. and 5 a.m. and during the rest of the year from 7 p.m. 
and 7 a.m. 

Inauguration. 

The ceremony of laying a foundation stone on 12th July, 

1800, was an event of national importance, and, besides being 
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A particularly fine en- 
showing _ the 


Dock 


graving 
West 


India more 


than a century ago. 


celebrated locally, was followed by a banquet at the London 

favern. The following transcription, copied from a map 

published August 24th, 1801, by John Fairburn, 146, Minories, 

Lendon, in quaint phraseology, gives most aptly the aims of 

the promoters. Notice, too, the significant phrase “ hitherto 

not afforded ’’: 

An Accurate PLAN of the DOCKS for the WEST INDIA 
and the CANAL in the Isle of Dogs. Begun 1800. 

The following INSCRIPTION written on two Rolls of Vellum, one 
in English, ihe other in Latin, and the several COINS herealter 
recited, were inclosed in two square Flint Glass Bottles, and 
deposited in the first Stone, which was laid at the South East 
corner of Warehouse No. 8. 


TRADE 


Oi this Range of Buildings Constructed, together with the adjacent 
Docks, at the Expence of public spirited Individuals, Under the 
Sanction of a_ provident Legislature, And with the _ liberal 
Co-operation of the Corporate Body of the City of London, 

For the distinct Purpose 
Of compleat Security and ample Accommodation 
(hitherto not afforded) 
To the Shipping and Produce of the West Indies at this wealthy Port. 
The first Stone was laid, 
On Saturday the Twelith Day of July, A.D. 
By the concurring hands of 
THE RIGHT HONOURABLE LORD LOUGHBOROUGH, 
Lord High Chancellor of Great Britain. 
THE RIGHT HONOURABLE WILLIAM PITT. 
First Lord Commissioner of his Majesty’s Treasury and Chancellor 
or his Maiesty’s Exchequer. 
GEORGE HIBBERT, ESO. 
and 
ROBERT MILLIGAN. ESO. the Deputy Chairman, 
OF THE WEST INDIA DOCK COMPANY. 
The two former corsnvicuous in the Band 
Of those illustrious Statesmen 
Who _in either House of Parliament have been zealous to promote, 
The two latter distinguished amone those chosen to direct. 
An Undertaking 
Which, under the Favour of GOD, shall 
Stability, Increase and Ornament 
to 
British Commerce. 


1800. 


The Chairman, 


contribute 


LIST OF COINS. 
Gold.—Two Guineas, Two Hali Guineas. Two Seven Shilling Pieces. 
Silver—One Crown, Two Hali Crowns. Two Shillings, Two 
Sixpences, Two Four-penny Pieces, Two Three-penny Pieces, Two 
Two-penny Pieces. 
Copper.—Two Two-penny 
pence, Two Farthings. 


Pieces, Two Penny Pieces, Two Halli- 
N.B.—Over the Bottles was placed a Copper Plate. on which were 
engraven the Names of the Directors of the West India Dock 


Company. 


Both George Hibbert and Robert Milligan have monuments 
to their names, and happily, though not without some danger 
of perishing, these monuments have survived. In the case of 


The Chairman, the following extract from ‘‘ The Naval 
Chronicle,” July-December, 1803, speaks for itself:— 
“ West India Docks. The hull of a West Indiaman is_ nearly 


completed in artificial stone, intended to be placed over the grand 
entrance into the West India Docks at Blackwall. The length from 
stem to stern is nearly 10 feet, with height in proportion. The sides 
are beautifully adorned with all the minute appendages of a vessel 
of the above description, and the stern ornamented with various 
produce of the West Indies. Her name, the Hibbert (after Alderman 
Hibbert, the principal Director of the Docks Co.) will appear on her 
counter and her yards masts, tops and rigging will be fitted by 
seamen employed for the purpose. Vhen entirely finished and 
erected in its position, the above production of the arts will be highly 
worthy of the attention of a spectator, and from its public situation 
will become a great national ornament.” 














Sad to relate, in 1932 the glorious Clock Gateway on which 
the ‘‘ Hibbert ’’ stood was demolished because of the demands 
of fast-moving transport, but, destiny, in the guise of the Poplar 
Borough Council intervening at the eleventh hour, removed the 
vessel and set it up on a site in the Poplar Recreation Ground 
This ship and gateway are incorporated in the borough arms 
A replica of this entrance gateway was specially built and graces 
the Port Authority’s Pavilion at the Centennial Exhibition now 


being held at Wellington, New Zealand rhe fine statue of 
Robert Milligan, which now stands on the central pier of the 


noted 
that 


sculptor, Sir R 
this statue formerly 


Main Entrance gateway, is by the 
Westmacott. It is interesting to note 


stood on the central spot of Milligan Square just within the 
Clock Gate, but was removed when the momentous decision had 
taken to admit carmen and 
Hitherto such people 


vehicles to the front of th 
had allowed at the 


been 


warehouses. been 





12% JULY 1800: 
OPENED FOR BUSINESS I: SEP! 1802. 









The central portion only of the Clock Gate. The scale model 
West Indiaman is now in the care of the Poplar Borough Council. 
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History and Development of the West India Docks, London—continued 


contains rest slots for one hundred and twenty muskets, and 

during its career has been varyingly known as ‘‘ The Powder 

House,’’ ‘‘ The Armoury,’’ and now “‘ The Round House.”’ 
The quaint custom of the tolling of the ‘‘ Lights Out ’’ bells 


delivery ramps at the rear of the warehouses, whilst only the 
carriages of merchants might drive in the front. 

As an unparalleled example of hustle at an age when as 
hearsay hath it, hurry was not thought of, this engineering 
wonder of the world was opened as early as 27th August, 1802. 
The day itself was a truly brilliant day in the nation’s domestic 
calendar and vast crowds assembled to see the great gaily 
bedizened Indiaman the ‘‘ Henry Addington’’ enter the 
Blackwall Entrance Lock, followed by a fully-laden but much 
smaller vessel. It is interesting to recall that the ‘‘ Henry 
Addington,’’ named after the premier, was an Indiaman built at 
the local Blackwall shipyard by Greens. 

Dock Defences 

The earlier decades of the history of these famous old docks 
are more colourful than is generally supposed, for then the 
daily routine was that of a fortress, and the place teemed with 
troops and resounded to the sharp cries of command, and the 
clatter of men at cutlass practice. The great, frowning, 
protecting walls have since witnessed time make dust of many 





The covered walk which originally led to the Crystal Palace when it was first erected in 
Hyde Park in 1851 and was later acquired by the Dock Company and utilised at the Rum 
Quay to shelter the “Wet Coopers” engaged on the quayside. 


things, but they themselves are as solid as when the masons 
completed their handiwork. Some have been pulled down, 
others have had lean-to sheds built against them; such changes, 
and the alteration of the ground level at various points have 
contributed to rob these walls of much of their one-time 
deminating and majestic appearance. 

The Import Dock was the better protected of the original pair 
of docks, and was, in fact, unassailable, for the north fronts of 
the warehouses and the connecting walls extended unbroken, 
save for the necessary gates from the eastern to the western 
entrance, and even from this point to the cutting from Limehouse 
Basin into the Export Dock. 

Notwithstanding this effective fortification against the daring 
riverside thieves, additional security was afforded by another 
wall, surmounted by a fine wrought-iron railing, which ran 
parallel to the defences already described, yet had, moreover, 
immediately without, and for the whole extent thereof, a 20-ft. 
wide ditch which was kept filled with water to the depth of 6-ft. 

The Export Dock had a simple wall 12-ft. high, for there 
were no warehouses here to protect, only a few sheds and, 
moreover, it was the practice to ship goods direct from the 
wagons and carts which had lumbered down the muddy 
country roads from the city. 

These walls, object lessons in bricklaying, cost £30,000 to 
erect, Which sum was advanced by the Government, who, on 
account of the immense value of the goods warehoused, thought 
fit to back the protection of the docks with arms and maintained, 
night and day, at eight points, sentries who had to sound at 
intervals the bell kept in each sentry box. 

Guardhouses were built to accommodate the troops and to 
house their equipment, but it is difficult now to locate them all. 
One stood a little to the north-east of the corner of No. 10 
Warehouse on the east side of King’s Road, which crossed the 
ditch at the centre of the bend. 

Opposite the inner entrance to the Import Dock there stood 
(until 1921) a very fine pair of these buildings, but alas! one 
was then demolished. The survivor, as_ well as a fireplace 








has been alluded to. Happily a few of these bells remain in 
use to-day for time-keeping purposes. One mounted on a 45-ft. 
high iron post is situated at the rear of No. 1 Warehouse, Rum 
Quay. It is rung at mid-day and again an hour later, and its 
note can be heard even at South Dock. It was from here tha 
the bell was obtained after the disastrous fire during the sever: 
winter of 1895, when the warehouse on which for decades 

had been in position was razed to the ground. The post is reall 

an iron mast of a sailing vessel, and was seized by the old Doc 
Company on account of the non-payment of charges 
Incidentally, owing to the unforeseen difficulties which aros« 
such as the constant filling of the excavation with water, thi 
mast and bell took a year to erect. Another time bell i 
mounted on the roof of Messrs. Harland & Wolff's workshop 
where at an earlier day the old Dock Company employed larg 
numbers of men on its maintenance and constructional works 

The principal bell, removed abou 
1894, was the bell at the Clock Gate. Thi 
bell was rung by the police at noon an 
4 p.m. 

fhe centre pair of gates here was kep 
locked, as no vehicles were permitted dow: 
the congested quays, deliveries — bein 
effected at the rear of the warehouse 
only. At the opposite end of the docl 
was a stout wooden fence, and here agai! 
a locked gate. In order to leave the doc! 
at this end, it was necessary to ring a bel 
until a policeman opened the wicket, an 
it thus came about that this gate becam 
known as the Bell Gate. 

The general appearance of the walls an 
the older buildings—all so well orna 
mented with Portland stone—is typically 
Georgian, and former engineers, whe 
making alterations, repairs or additions 
counted it a point of honour to preserv: 
this characteristic. Two imposing gate 
ways with their original wrought-iro1 
gates remain, and lovers of metal work 
hind the fine specimens of ‘‘ smithing ’ 
well worth a close examination. Thess 
sole monuments of the past are the 
principal entrance known as the Com 
mercial Road Gate, and the pair unde 
the Engineer’s Archway. 

The gatekeepers of to-day are the Doc! 
police whose uniforms are both smat 
and comfortable. Their unfortunat 
predecessors, the Dock watchmen of years ago, had to wea 
pot-hats and pompous-looking, heavy great-coats ornamented 
with many capes arranged in tiers. Further, to ensure that 
heads were held erect, these awful coats had thick leather stocks 
or collars that came right up to the chin. 

The troops that had protected the docks for three decades 
were no sooner withdrawn than a new terror arose or at least 
so it appeared to the staid autocratical Court of Directors of th 
West India Dock, who no doubt had the happenings on th: 
Continent in mind. The working classes had by now learnt to 
combine in large and powerful organisations, but thei! 
occasional demonstrations were construed as a menace to th 
wealth piled in the docks. An Armed Watch was formed and 
maintained for many years, even after the Chartist Riots ha 
died away. Various documents, dated 1832, 1840 and 1848 
reveal that a musketry corps armed with muskets and bayonet 
together with pikemen were entrusted with the defence of th« 
docks. A battery of guns commanded the main entrance an 
the personnel, both officers and men were easily found amongst 
the deputies, quay captains, foremen of the holds and labourers 
for then a large percentage of the employees had served in eithe: 
the army or navy, or had even been in the service of th 
Honourable East India Company. 


Dock Design 


The West India Docks are a tribute to the foresight of thé 
engineers of that day. It must be remembered that Ralpl 
Walker who was primarily concerned with this great work hac 
no previous enterprise on which to base his calculations. Fev 
people, who are not engineers, can appreciate what a strain th 
task must have been. Consider the enormous expenditure o 
money, of thought of skill and of taste, the conquering o 
unexpected difficulties, and the great sense of relief when th 
day of opening at last arrived. Ralph Walker not onl 
distinguished himself at the West India Dock but passed on t: 
build in conjunction with John Rennie, the neighbouring Eas 
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History and Development of the West India Docks, London—continued 


A special trade appliance at the West India Dock. The Bryan Corcoran Grain 

and Seed Reducing Machine, showing the base of the machine with the secondary 

reducing section in the background and delivery spouts discharging grain into 
sacks. The view was taken on a lower floor of the warehouse. 


India Dock. These early engineers calculated so well that it 
has been possible to extend and alter their work as demands 
dictate. The footings of the dock walls were so well placed 
that extensive deepening by dredging has been possible. 

The original docks consisted of two docks, the ‘‘ Unloading 
Inwards Dock ’’ and the ‘‘ Loading Outwards Dock,’’ which 
exist to-day in a slightly altered form. The Import Dock was 
2,600-ft. long and 500-ft. wide, whilst the Export Dock was 
the same length, but only 400-ft. in width. Together, they 
had a water area of about 54 acres, and moorings were provided 
in the Import Dock, either at the quays or the buoys 
lor between two and three hundred sail ot West Indiamen. In 
dealing with these early docks, it must be remembered that 
construction and design were absolutely governed by the 
requirements of sail. Ships did not arrive singly but in fleets, 
due either to seasonal habit or the convoy system which had 


been introduced during the Napoleanic wars. Fleets, too, 
vathered day by day in the Downs, until the North Easters 
moderated and_ released them. Thus, the docks had 


extraordinary periods of pressure and ships had to lay moored 
it the buoys waiting their turn to be discharged. These large 
square wooden buoys !ay in lines down the dock. Moorings 
to-day consist of modern buoys chained to great flanged screws 
driven into the dock bottom, but, at the time of which we write, 
the buoys were anchored to mighty blocks of stone sunk into 
position before the water was admitted to the dock. 

Both the docks were connected by cuttings to basins. 
Blackwall Basin at the eastern end and Limehouse Basin the 
western end. Both basins in turn were connected to the river by 
the entrance locks. Vessels at tide time were hauled into the 
locks as rapidly as possible and more or less cast off in the 
basin to lose headway and complete the dismantling of such of 
their yards and gear as the dockmaster dictated. The vessels 
were thus less likely to damage each other when rolling in the 
wind. The transport gangs then hauled the vessels into the 
dock and, during high winds, used iron-cased pillars on which 
to let the jib-booms strike and so veer the ships around into 
the narrow channel. 





Warehouses 


The five-storied warehouses are particularly 
important and are still considered to be the finest 
range of brick-built warehouses in the world. As 
originally planned, the warehouses were to be built 
on the north and south sides of the Import Dock 
as well as on the north side of the Export Dock. 
At the time the Docks were opened, the following 
warehouses were completed, or were nearing 
completion, Nos. 2, 3, 4, 5, 6, 7, 8; and others, up 
to twenty in number, were to be built when found 
necessary. Actually, however, additional ware 
houses were built on the west, north and east quays 
up to eleven in number with a solitary one on 
south quay. [his was No. 15 on the projected 
plan, but to conform to the revised plan had to 
pear the number 12. This warehouse forms the 
central building of the Rum Quay and contains 
the range of vats. The other sugar warehouses, as 
they were called, were designed to hold at least 
8,000 hogsheads of sugar apiece 


There can be no question of the success of the 
promoters experiment, they simply built better 
than they knew As already — stated, the 
authorities were very sympathetic with the com 
pany and thus with no difficulty at all, a most 
important concession was secured The West 


India Dock warehouses were the first in = which 
dutiable goods were allowed to be stored in bond 
without the customs duty being paid on importa 
tion. This innovation gave a most miraculous 
fillip-to trade Merchants had less capital tied up 
and could defer the payment of duty until 
customers were secured and the goods made ready 
for delivery The Customs, too, had their revenue 
assured, and had put behind them the costh 
collection service attendant upon the old days of 
discharging at river berths. The importance ot this 
trade and the flourishing state of the Revenue cat 
be judged by the fact that, in 1817, at the hey-day 
of the monopoly the West India Dock Customs 
Station had several high officers on the establish 
ment at the then very munificent salary of £1,000 
London's entrepot track thus 


\ 


per annum 
developed at an unbelievable rate and, in general 
the advantages of enclosed docks became so appat 
ent that soon other docks were conceived and 
brought into existence. 


(To be continued) 








Personal Notices 
Sir Athol Anderson, K.C.B., Member of Council ot the 
Institution of Civil Engineers, and formerly Civil Enginee1 
in-Chief of the Admiralty has, subject to any Government 
requirement for his services, joined the firm of Messrs. Rendel 
Palmer and Tritton, Consulting Chartered Civil Engineers, as 
one of their Consultants. 


The chairman of the Association of Consulting Engineers tort 
the year 1940-41 is Mr. Ernest J. Buckton, B.Sc., M.Inst 
C.E., senior partner in the firm of Messrs. Rendel, Palmer and 
rritton, of Westminster. Mr. Buckton was for many vears 
associated with dock constructional operations in London 
Buenos Aires and elsewhere, as also with the harbours of Haifa 
and Jaffa in Palestine and Takoradi in West Africa 


Mr. A. H. J. Bown, formerly deputy manager, has been 
appointed General Manager and Clerk to the River Wear Com 
missioners, in place of Mr. F. Humble, who has held the post 
since 1912 and has just resigned. Mr. Humble will continue to 
act in a consultative capacity. Mr. Bown was formerly it 
service of the Bristol Port Authority. 


Mr. Albert Blacklock, M.Inst.1 General Manager and 
Secretary of the Tyne Improvement Commission, retired from 
the position on June 30th, after a service with the Commission 
in various capacities extending over a period of more than 52 
years. Prior to his promotion two years ago to the general 
managership, he had held the secretaryship for 15 years. In 
1939, the Order of Chevalier, first class, of the Royal Order of 
St. Olaf was conferred upon him by the King of Norway in 
recognition of his efforts to promote trade between the Tyne and 
Norway. Mr. Blacklock’s services to the Tyne Commissioners 
were the subject of a special commendatory resolution at the last 
monthly meeting in June, when a presentation of silver plate 
was made to him. The new General Manager is Mr. N. M. 
Hood, formerly senior assistant. Mr. J. K. McKendrick, assist 
ant secretary, has been appointed secretary. 


the 
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Deterioration of Structures in Sea W ater 
Report of Engineering Research Committee* 


Summary of Experiments carried out by the Committee on 
the Deterioration of Structures of Timber, Metal, and Concrete 
Exposed to Action of Sea-Water 
(Full details of these experiments are given in the various 
Reports issued by the Committee, reference to which is made 

at the end of this Summary.) 


Introduction 


In 1916 the Council of The Institution of Civil Engineers 
decided that it would be of advantage to set up a Committee 
for the investigation of questions involving the deterioration of 
structures of timber, metal, and concrete, when exposed to the 
action of sea-water, and of effective measures to ensure their 
preservation. Many failures of such structures due to sea-water 
action had occurred, and numerous isolated reports dealing 
with the subject had from time to time been published, but it 
did not appear that any systematic collection of such reports, 
or any detailed examination into the causes of failure, was in 
existence. The Institution therefore determined that it would 


funds were made available. A Committee was set up under the 
chairmanship of the late Sir William Matthews, Past-President 
Inst. C.E., for the purpose of carrying out the investigations. 
This is now known as the ‘‘ Sea-Action Committee.’’ Applica- 
tion for assistance was made to the Department of Scientific 
and Industrial Research, which had recently been formed under 
the secretaryship of Dr. Heath, now Sir Frank Heath, G.B.E., 
k.C.B., resulting in grants in aid of the research amounting to 
over £10,000, which financed the work in its initial stages. The 
Committee is greatly indebted to this Department, not only for 
the financial assistance, without which the work could not have 
been begun, but for arranging for the publication by H.M. 
Stationery Office, of two full reports on the Committee’s work 
and the complete series of interim reports. The above sum of 
£10,000 was subsequently increased to over £25,000, by the 
generous support of a number of port and dock authorities 
throughout the Empire to whom appeal had been made. The 
Committee gratefully acknowledges this support, and also the 
further assistance rendered by many of those authorities in 
arranging for the exposure to the action of the sea of numerous 
test specimens of timber, steel, and reinforced concrete. 

It was proposed that these investigations should, for the 
most part, be carried out at ports within the Empire, and con- 
tact was made with the managing authorities of some fifty-six 
ports and docks throughout the British Dominions, the Colonies, 
and India, whose officers most kindly furnished the Committee 
with a number of interesting and valuable reports dealing with 
the works under their control. These, together with various 
other relevant reports and memoranda, were brought together 
and published in 1920 as the Committee’s First Report. 

The Committee’s own investigations were then put in hand 
and carried on under four main headings, namely: the preserva- 
tion of timber; the corrosion of steel and iron; the preservation 
of steel and iron; and the deterioration of reinforced concrete. 

In order that these investigations might, so far as possible, 
be of real value, it was necessary that they should be sufficiently 
comprehensive to allow the materials under test to be subjected 
to such variations of climate and exposure as might occur under 
ordinary conditions, and the localities selected for testing the 
samples were chosen accordingly. 


The Preservation of Timber 


Dealing with the preservation of timber, a number of pre- 
liminary tests and experiments indicated that the arsenical com- 
pound chlorodihydrophenarsazine, generally known as ‘‘DM,’’ 
gave promise of being efficacious against Teredo larvae. It 
was found that the most satisfactory method of applying poison 
to the timber was to add it in definite proportions to some 
vehicle, such as creosote, with which the timber was then 
impregnated by the Bethell process or by some other recognised 
process. 

Some difficulty was encountered in obtaining satisfactory 
absorption of the creosote into the timber, it having frequently 
been found in ordinary practice that the creosote had only 
penetrated to a depth of from } to 34 inch below the surface. 
Accordingly in some of the later experiments, prior to creosot- 
ing, the timber was ‘‘incised’’—that is to say, incisions, parallel 
to the grain, about } inch in depth and ? inch apart, were made 
with a chisel in rows all around the timber at an approximate 
spacing of one incision to 2 square inches of surface area. These 
rows were spaced down the timber at intervals of about 23 
inches, the incisions in each row being staggered } inch relative 
to those in the adjoining rows in order to overcome, as far as 


*Reproduced by permission from the Journal of the Institution of 
Civil Engineers. 
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possible, the difficulty of obtaining satisfactory passage of the 
creosote across the grain of the timber between incisions. 

Increasing the surface area to 3 square inches per incision 
did not materially affect the quantity of creosote absorbed, 
although with a further increase in area the absorption dimin- 
ished rapidly. A comparison of the actual weight of the timber 
before and after creosoting was shown to be an_ uncertain 
indication of the quantity of creosote absorbed, since this 
method made no allowance for the moisture possibly lost from 
the timber when drying. 

For the purpose of these experiments some 2,000 test blocks 
of various sizes were prepared from Baltic, and other, firs and 
pines, and were impregnated with the various poisons to be 
tested. The blocks were then dispatched to ports known to be 
infested by Teredo and marine pests, such as Colombo, Singa- 
pore, and others, where they were exposed to the action of the 
sea near the level of low water. Within the range of these 
experiments, although creosote was found to be a good pr 
servative, its efficiency was not appreciably increased by the 
addition of ‘‘DM’’ or any other poison. Nor was any more 
satisfactory method discovered by which to apply the creoso‘e 
containing the poison to the timber, than impregnation by tlhe 
Bethell process in the manner described. Merely painting tle 
surface of the timber was found to be quite ineffective. Tle 
experiments did not indicate that the strength of the timbe 
when creosoted by the ordinary Bethell process, was reduced 
in any degree. 

It may be of interest to mention that some of the experimen 
appeared to indicate that very small additions (say, 0.1 p 
cent.) of ‘‘DM”’ to the creosote actually attracted mari 
borers to the timber. 


J 


The Corrosion of Steel and Iron 

The experiments briefly described in this section were planne | 
with the object of studying some of the many questions arisit 
in connection with the corrosion of commercial wrought iron. , 
cast irons, and steels under ordinary working conditions, tl 
experiments also included tests on a few special alloy  stee 
which it was hoped might show an enhanced resistance « 
corrosion. 

The metals selected were of four types; these were prepare | 
in the form of test bars measuring 24 inches by 3 inches b 
0.5 inch, sixteen such bars constituting a set. All the specimen 
except those of cast iron, were prepared as rolled bars and wer» 
exposed generally without further heat-treatment. The chromiui 
steels were softened by moderate heating, but only sufiicient! 
to render them amenable to cutting and drilling. The cast 
irons were exposed in their casting skin. The rolled irons an 
two of the carbon steels were ground free from scale prior t 
exposure. 

A complete list of the specimens is shown in Table I. 

The effect of variations in climatic conditions was provided 
by the selection of the following four stations for exposing th 
test specimens: Auckland, New Zealand, which has a sul 
tropical and particularly equable climate; Colombo, Ceylot 
which has an extremely moist tropical climate; Halifax, Nova 
Scotia, which has a large temperature range of from—10° F. t 
+90° F., and finally Plymouth, Great Britain, which has mean 
winter and summer temperatures of 42° and 59° F. 


4 


Table I.—List of Metal Bars with Distinguishing Letters and 
Condition in which Exposed 


Bar Condition 
Rolled Irons: 
N Low Moor [ron Cleaned from Scale 
P Swedish charcoal iron ¥ o * 
M Ingot iron 


Ordinary Steels: 


B_ Mild steel, high sulphur and phosphorus 
F Mild steel, 0°7 per cent. manganese 

C Same steel 

FE Mild steel, low sulphur and phosporous 
A Same steel 

[1 Carbon steel, 0°4 per cent. carbon 


Scale attached 


Cleaned from Scale 
Scale attached 
Cleaned from Scale 
Scale attached 


Special Steels : 


G Mild steel, 0°635 per cent. copper 
H Mild steel, 2-185 per cent. copper 


Scale attached 


J Chromium steel, 13°57 per cent. chromium nS ce 
K Nickel stee!, 3'75 per cent. nickel mi be 
L Nickel steel, 36°55 per cent. nickel ae te 


Cast Irons: 

Q_ Hot-blast cast iron 

R_ Cold-blast cast iron ae 

The bars were exposed under three different conditions 
namely, aerial (above the level of high water), half-tid 
(between the levels of high and low water) and complet 
immersion (below the level of low water), and for three periods 
namely, 5, 10, and 15 years. At Plymouth the bars wer 
exposed in fresh water in addition to being exposed in sea 
water. 

In order that a proper comparison of the effect of corrosio 
upon the different metals might be made, each test bar befor 
being dispatched for exposure was carefully weighed on 
special balance, which, with its accompanying weights, wa 


As cast 





jm = 2 


> 
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40) 
the Deterioration of Structures in Sea Water—continued 
' poveme aie —anig cae Futhermore, the cast irons Q and R, which offered very high 
ary aw aad wad «2 __ resistance to atmospheric corrosion, suffered from severe 
ed, _ per | Order per | Order per | Order rer {Oe graphitization in contact with water, whether fresh or saline. 
in- tame | coat, | ern. | | oem | mert| | mth | mere. | | | In any discussion, therefore, dealing with this latter type of 
merit. | | any discussion, , dealing s latter type ¢ 
om rere corrosion, the cast irons need not be considered. 
e : eae The data may now be discussed from the point of view of 
his geccongintnadins Woo’, Bont Bed Renee Mest BA Senet Bow ed bee: Bw BO types of corrosion to which the metals may be exposed i 
9m Pp. Swedish charcoal . . 4,759 | 130; 10 5,544 12:3 9 7,880 | 120 9 12,542 9-4 practice. . 
M. Ingot 4,504 123 9 5,607 125; 10 9,167 40; 10 12,884 Tied Ball General Corrosion of All Types 
_ culieiiiieaitiadi As it is improbable that any particular metal could, in actual 
be A. Mid sea ow uipbor | 4085 | 112] 8 | 4620] 104] 7 | sae! 87] 2 1e828| 127| 10 ‘Practice, be exclusively used in any particular position, it was 
. phosphorus sien Bis aire] tor} gs thought that by adding the losses together a general result 
be F —" wink ‘ii lh Raed Vows Died aces af x giving approximately the relative resistance to corrosion for 
< 4 ~ each metal could be obtained. 
he Colas: In Table II are given the sum totals of all the losses in weight 
i r a cnt Thar eat Rooms Pee: Red Besos) Beis died Reers Sew for each type of bar exposed for 5, 10, and 15 years to sea-air, 
Ag F. Mild steel, 7 percent. | 3,958 | 108) 6 | some) tony 6 | tesey sy 8 | mes; °°) © to alternate wet and dry conditions at half-tide level, and to 
ie D arbon steel, 04 per 3519 | 97) 4 | 4306) 98) «| Geer) 108) 7 | 18182) 9°) 7 complete immersion in sea-water, at each of the four ports 
nS 5 i —;-—}+— All losses are expressed in grams and are calculated for a bar- 
“_ loy steels (with scale). area of 1,000 square centimetres. 
™ G. Mild steel, 0-64 per| 2,349] 64] 2 | 3,878| 86|/ 2 | 5,923] 90] 3 | 12,321] 93] 3 A loss of 1 gram per 1,000 square centimetres is equivalent 
. K. Nickel tah, 375 per| 1,800| 52| 1 | 2771| 62] 1 | 2793] «3/ 1 | usa! 67] 2 to 1 grain per 10 square inches, and represents a film of metal 
he oo _| | | 1 /20,000th inch in thickness. 
; Totals . . . . | 36,428 | 100 44,914 | 100 65,608 | 100 132,770 | 100 The figures given in brackets below the station names at the 
ed “ head of the Table represent the relative total losses at each 
le Hl. Combined losses in weight of bars exposed for 5, 10, and 15 station, the losses at Plymouth being taken as 100. It will be 
1S ye rs at each port to sei a-air, at hall-tide level, and to complete immer- ‘ : 6 
er sion in sea-water, expressed both in grams and as percentages of the | eae ] cine ieee aca 
tot il losses at each port. The order of merit is also given. nnanes a : = = 
The figures in parentheses under the names of the ports give the — | som | Per | Onder | ee - | Order ' per | Order| per | Order 
tot. il losses in weight at each port relatively to that at Plymouth, taken | merit ||P | meri || 80m | mere. || oem | sate 
as 100. | | | | 
Rolled irons (cleaned). | 
usd throughout the research. After exposure, ail rust, loose % “Moor | one | tos | 207] 95) 4 | 2018] 103) 6 | a2] 6 
scile, and other adherent material were removed and again _ P. Swedish charcoal | 758 | 12 rs] 7 | 1503] 18] 8 | 2510] 28] 8 | 3580] 8s 
th: bar was weighed. The loss in weight thus determined was ™. Ingot | ‘se9 | 147] 10 | 1,500 | 122} 10 | 2904) 151) to | aise} 78) 1 
taken as the chief measure of the corrosion experienced. + | 
1S \s iron and steel corrode uniformly over their entire surface, Carton steels (cleaned) } | | 
of account was also taken of the depths to which localised Cor- 4. mid steet,tow sulphur! 700] 194) 8 | 140] ual 7 | 2460] 17] 2 | sss0| a8! 9 
rosion or pitting had occurred. When a bar was perforated it ¢ sand on O17 oor coms. | mn | ol 0 | asl west 8 | ace! wel 0 | cael eal « 
l was regarded as corroded to destruction. Ps. nn = we is 
) It is difficult, in a brief résumé, to deal adequately with the (040, vecteqoitn aca. | a 4 || Ye 
large mass of useful data acquired during the course of the | 1.005 joweuomor| soo} sels ee ee ae ee eee ee eee 
re research. “and phosphorus. 4 Bee Be Beret Dow Be Pent Bee Be ened box bs 
nm In order to simplify matters the following four steels have a. ee ee he) | ee 2 
| been eliminated from the discussion because it is probable that ” eeat. carbon. ty “Sees Ba Bab Sees swe Red Geet ss hed bce fe 
in general practice there would be no demand for them: Tae Fa eS [ a - 
mild steel B, because of its general unreliability (due to its ee, agente ial | , | Rm Z | | | 4, 
high content of sulphur and phosphorus) ; vgn cag Bead Boe The Beal Bee ed Bevel Bax Be Bead Beas is 
steel H, as having no general advantage over steel G, and ™ “Sata?” | alt sd ‘Bgl Dass ed Tenae Tees Bd tescss Shes Pe 
being probably more costly because of its greater copper- rR re Os me = PY he Oar © | 
a content; Totals . . |} 5,912 eo | 12,738 | 100 19,518 | 100 | 40,068 100 
steel ], because of its probable high cost coupled with its Table IV. Corros; te 
general unreliability resulting from its tendency to undergo | fo + Corrosion at Hall-Tide Level—Combined losses in weight 
excessive pitting in contact with sea-water or spray: re exposed lor 3, 10, and 15 years at each port at hali-tide level, 
steel L, because of its probable high cost due to its high expressed both in grams and as percentages of the total losses at each 
o nickel-content (although otherwise it was remarkably port. The order of merit is alwo given 
; satisfactory) . seen that, very approximately, the losses at Colombo, Auckland 
Auckland Halifax | Plymouth | Colombo. and Halifax were double, one half, and three quarters of thos 
d Metal a ee > ieee eo Om ee ee ee Bes PME oe nai sia aaten Om 
tem | ot lace | cent |u| | wnt | ac, | 2 | coat. | rhe alloy steels G and K and the Low Moor iron gave good 
rt a ca cee a ee ———— — results, but apart from these there was little to choose between 
olled irons (cleaned). . a | the metals in so far as loss in weight was concerned Phe 
N. Low Moor ? 1441 | 10] 8 ss2 | 144] 9 ons | 94] 4 5,664) 82| 1 cleaned steels lost very little more in weight than those exposed 
P Swedish charcoa:. .| 2,484 | 190] 10 | 52 | 144] 9 | 3,623] 125] 6 | 7,045 | ro | 7 with scale, but the latter were more irregularly corroded and 
M. Ingot . . = + | 2,209] 169] 9 815 | 13-7] 8 | 4,226 | 146] 10 7,899 | us| 9 more deeply pitted. ; 
ie eS 2a = = a » = ——| of : A study of the numerous detailed Tables already published 
sitet inde ; | in the Interim Reports of the Committee shows that individual 
‘ mebtekeete! wel oof ¢ 1 asl col | ame] co] 2 sae | 121 a“ metals may offer a widely varying resistance towards different 
‘ wild eee, 07 por cont 1,247] 95] 4 577 | 97] 5 | 2,008] oo] 3 | 7491| 108] 8 types of corroding agents. Thus, for example, Low Moor iron 
manganese. N suffered appreciably more corrosion under sea-air conditions 
F ee Ra SS i hi a na ae oe — | than’ the cleaned mild steels A and C. When continuously 
immersed in sea-water, however, the latter metals were th 
k yo gl 1,264 97 5 587 98 6 3,792 13-1 7 6,899 9-9 6 more seriously corroded. On taking the average, as in Tabl 
Fg eras cent | 1408 | 108) 7] 45 | toe) 7] ate) ree) Oo | seer) oe) © ~~ TI, most of these differences in behaviour cancel out and ar 
I arbon steel, 0-4 per| 1,296] 99) 6 551 $ saad “a 8 nad 93| 3 lost in the general summation. 
= — Pr aa Sct a ah i wal If, therefore, it is possible to specify with some precision 
lloy steels (with scale). | | the particular type of corrosion to be encountered, the likeli 
G. Mild steel, 064 per} 593] 46/ 2 | 387 | 65] 2 | 2,865 oe] 5 | 6779] 97| 4 hood of being able to select a suitable metal is greatly increased. 
K Nickel stech, 975 per} 280; 21/ 1 | 178] 30] 1 3s | 12} 1 | 6000] ss] 2 In Tables III to VI are given the results obtained by exposing 
—————— eS ae es ee ee _|__j | the _bars to sea-air, to alternate wet and dry conditions at half 
oem... .l melee asm lens onese | o00 tide level, to complete immersion in sea water, and to complet 
q immersion in fresh water (at Plymouth) respectively. In 
siiesbiaddiiidis Table VII is given the percentage average loss in weight and 
Sone wn ~_ ei _— the average loss in thickness of the exposed portions of each 
don: m ss ‘an bar under the three conditions of exposure, for 15 years only. 
- Corrosion in Sea-Air (Tabl 
: ible IIL. Corrosion in Sea-Air.—Combined losses in weight of bars aan ae 





exposed for 5, 10, and 15 years at each port to sea-air, expressed both In these experiments the cleaned mild steels proved superior 


in grams and as percentages of the total losses at each port. The to the cleaned rolled irons. The cleaned steels lost less in 
order of merit is also given. weight and were less deeply pitted than those exposed with 
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Deterioration of Structures in Sea W ater—continued 














Auckland. Halifax. Plymouth. Colombo. 
Metal. qe pony ers 
Per | Order Per | Order Per | Order Per | @rder 
Loss. Loss. of Loss. f Loss. 4 
cent. | merit. cent. | merit. cont. merit. cent. | merit. 
Rolled irons (cleaned). 
N. Low Moor. . . . 1,449 83 4 2,760 10-5 8 1,465 85 2 1,939 8-6 4 
P. Swedish charcoal. . 1,517 87 5 3,189 12-2 9 1,747 10-2 6 1,917 85 2 


M.Engot . 2. 6 2 1,426 8-2 3 3,232 | 124] 10 1,977 | 115] 10 1,857 82 1 





Carbon Steels (cleaned). 


A. Mild steel, low sulphur 2,443 140| 10 2,699 10-3 7 1,973 11-5 y 2,889 12-8 10 
and phosphorus. 
C. Mild steel, 0-7 percent. | 2,016 | 11-6 7 2,401 9-2 4 1,945 | 113 8 2,476 | 10-9 7 
manganese. 





Carbon steels (with scale). 


E. Mild steel, low sulphur | 2,018 | 11-6 8 2,626 | 10-0 6 1,645 96 5 2,643 | 11-7 9 


and phosphorus. 


F. Mild steel, 0-7 per cent. 2,049 | 11-7 9 2,366 9-0 3 1,846 | 10:8 7 2,271 10-0 6 


D. Carbon steel, 0-4 per 1,799 | 10-3 6 2,465 94 5 1,599 93 3 2,606 | 11-5 8 


cent. carbon. 





Alloy steels (with scale). 
G. Mild steel, 0-64 per] 1,422 81 2 2,344 8-9 


cent. prs age 
K. Nickel steel, 3-75 per 1,305 75 1 2,138 81 1 1,337 78 1 1,933 8-6 3 








cent. nickel. 





Totals . . . «| 17,444 | 100 26,220 | 100 17,156 | 100 22,596 | 100 
































1,622 95 4 2,065 9-2 5 





Table V. Corrosion during Complete Immersion in Sea-Water. 
Combined losses in weight of bars exposed for 5, 10, and 15 years at 
each port to complete immersion in the sea, expressed both in grams 
and as percentages of the total losses at each port. The order of merit 
is also given. 


scale still adhering. The addition of small quantities of copper 
or of nickel greatly increased the resistance of the metal. The 
cast irons resisted corrosion extremely well, the cold-blast metal 
proving superior to the hot-blast material. There was no 
graphitization. The chromium steel also resisted corrosion 
remarkably well. 


Corrosion at Half-Tide Level (Table IV) 


The cleaned Low Moor iron proved superior to the cleaned 
mild steels. These latter lost more in weight but were less 
deeply pitted than those exposed with adherent scale. The 
addition of small quantities of copper or of nickel proved bene- 
ficial. The cast irons underwent severe graphitization. The 
chromium steel suffered severe localised corrosion. 


Corrosion under Complete Immersion in Sea-Water (Table V) 


In contrast to their behaviour in sea-air, the cleaned rolled 
irons were superior to the cleaned mild steels. The latter lost 
only slightly more than those exposed with scale, and were less 
deeply pitted. Small quantities of copper or nickel added to 
the steels proved beneficial. The cast irons underwent severe 
graphitization, and the chromium steels suffered serious local- 
ised corrosion. 


Corrosion under Complete Immersion in Fresh Water at 
Plymouth (Table VI) 


The cleaned Low Moor iron and the cleaned steels offered 
practically equal resistance to corrosion. The cleaned steels 
lost more in weight, but were less deeply pitted than those 
exposed with scale. The addition of both copper and _ nickel 
in small quantities proved beneficial. The chromium steel 


offered excellent resistance to corrosion, but the cast irons were 
less satisfactory owing to graphitization. 


The Protection of Steel and Iron by Means of Paints and Other 
Preservatives 

For the purpose of these experiments, test plates 2-ft. 6-in. 
by about 1/10th inch in thickness were first cleaned of all mill 
scale, loose material, and rust, and were then coated with the 
various preservatives to be tested. Complete sets of these pre- 
pared plates were sent to Southampton and to Weston-super- 
Mare, where they were exposed for periods ranging from 1 to 
7 years under aerial, half-tide, and complete-immersion con 
tions, after which they were removed and returned for exai 
ination and report. Plates treated with two coats of iron oxic 
having raw linseed oil as the vehicle, was adopted as a standa 
for comparson. 

The general results of these investigations and experiments 
may be shortly summarised as follows: 

The thorough removal of all loose scale and rust befc 
painting was shown to be distinctly advantageous. 

Increasing the number of coats of paint was of advanta 
under aerial and complete-immersion conditions, but this wis 
not the case in the half-tide tests. 

In general, red-lead paints and mixtures of red and wh 
lead, proved superior under aerial and _ half-tide condition:. 
Under complete-immersion conditions an iron-oxide paint, ard 
also a red-chromate paint—the latter followed by a mixed re 
and white-lead paint—gave good results. The paints we 
applied both by brush and by spray. By either process it w: s 
easy to give an even and uniform coating, but with the spr: 
it was difficult to apply any given weight of paint. 








Per | Order Per oe 
Metal. Los. | cont. | Me, Metal. Lom. | cnt. | on 





N. Low Moor. . . «| 1,312 | 11-7 6 


Rolled irons (cleaned). Carbon steels (with scale). 


E. Mild steel, low sulphur 1,036 9-2 3 


and phosphorus. 








P. Swedish charcoal . . | 1,373 | 12-2 8 F. Mild steel, 0-7 per cent. | 1,040 93) 4 
manganese. 
M.Ingot. . . . «| 1,378 | 123 9 D. Carbon steel, 0-4 per] 1,198 | 10-7) 5 
cent. carbon. 
Carbon steels (cleaned). Alloy steels (with scale). 
A. Mild steel, low sulphur | 1,373 | 12-2 8 | G. Mild steel, 0-64 per cent. 741 66; 2 
and phosphorus. copper. 
C. Mild steel, 0-7 per cent. | 1,325 | 11:8 7 K. Nickel steel, 3-75 per 446 4-0 l 
manganese. cent. nickel. 
Totals . . . «| 11,222 | 100 


























Table VI. Corrosion during Complete Immersion in Fresh Water a! 
Plymouth.—Combined losses in weight of bars exposed for 5, 10, and 
15 vears at Turnchapel, Plymouth, to coniplete immersion in_ tres! 
water, expressed both in grams and as percentages of the total loss 
The order of merit is also given. 


Galvanised plates coated with about 20 ounces of zinc per 
square yard proved very satisfactory. At Southampton the 
completely-immersed galvanised plates were the only ones whicli 
did not become coated with marine fauna. 







































































| | Auckland Halifax. Plymouth. Colombo. Auckland. Halifax Plymouth. Colombo. 
| _————————— ——— — _ceRaREECAN 
Condition of Condition of 
Metal | | Metal. 
exposure. | oes in Mean loss Loss tn Mean loss Loss to Mean loss Lomio | Mean loss exposure. Loss in Mean loss Loss ia Mcan loss Loss to Mean loss Loss tn | Mean low 
c ck - weight : thick- ight: in thick- weight : in thick- weight © in thick- | weight: per! in thick- | weight: per| in thick 
| p -3 Ri % pt TE per i ont tach or 1 | wan: "inch per cent. | ness; inch. per cent. | ness: inch. ceat. ness: inch. ceat. } ness: inch 
Rolled irons (cleaned). Mild steels (with scale). 
N. Low Moor. Aerial. 797 004 5-35 0-03 12-93 0-06 26-76 013 
Half-tide. 216 001 721 0-04 10-48 0-05 14-64 0-07 E. Mild steel, low sulphur | Aerial. 6-93 0-03 3:35 0-02 18-97 0-09 30-57 O15 
Sea-water. 649 0-03 13-74 007 6M 0-03 9-55 0-05 and phosphorus. Half-tide. 181 0-10 6-05 0-03 6-08 0-03 26-14 O13 
Fresh water. - -- - - 5-28 0-03 - - Sea-water. 11-08 13-50 0-07 671 0-03 13- 0-07 
Fresh water. _ - _ 477 0-02 _ _ 
P. Swedish charcoal. Aerial. 16-29 0-08 482 0-02 17-76 0-09 34-58 0-17 FP. Mild steel, 0-7 per cent. | Aerial. 8-57 0-04 3-55 0-02 19:32 0-10 30-20 O15 
Half-tide 2-63 0-01 8-33 0-04 12-58 0-06 17-35 0-09 manganese. Half-tide. 1-78 0-01 839 0-04 7-76 0-04 18-83 0-09 
Sea-water. 74 Out 16-84 0-08 713 0-04 om 0-05 water. 10-84 12-23 0-06 835 0-04 112 0-06 
Fresh water. _ _ = 6-73 0-03 = = Fresh water. — - — 515 0-03 - — 
M. Ingo" Aerial. 12-86 0-06 616 0-03 19-35 010 33-09 O17 D. Carbon steel, 0-4 per | Aerial. 715 3-07 0-02 16-58 0-08 28-45 O14 
Half-tide 3-47 0-02 ei 0-04 15-67 0-08 14-61 0-07 cent. carbon. Half-tide. 1-60 001 678 0-03 6-86 0-03 19-13 O10 
Sea. water 6-06 0-03 17-20 0-09 9-72 0-05 8-58 0-04 Sea-water. 8-85 0-04 12-88 0-06 6-68 0-03 13-4 007 
Fresh water. — _ - 5-63 0-03 _- - Fresh water. _- _ _ - 5-62 0-03 _- - 
Mild steels (cleaned). Alloy steals (with scale). 
A. Mild steel, low sulphur | Aerial. 472 0-02 2-83 0-01 427 0-02 37-73 O19 G. Mild steel, 0-64 per | Aerial. 3.00 217 0-01 10-64 0-05 31-64 O16 
ead phosphorus. Half-tide. 274 001 977 0-05 12-32 0-06 23-47 O12 cent. copper. Half-tide. 1s 0-01 716 0-04 706 0-04 14-98 0-07 
Sea. water 12-05 0-06 14-04 0-07 842 0-04 13-29 0-07 Sea-water. 6-23 0-03 12-40 0-06 7-22 0-04 10-96 0-05 
Fresh water. - _ —- - 5-66 0-03 = = Freah water. = - = al 3-92 0-02 = - 
C. Mild steel, 0-7 per cent. | Aerial. 740 0-04 3-56 0-02 6-06 0-03 32-95 0-16 K. Nickel steel, 3-75 per | Aerial. 1-35 0-01 Om 0-01 156 0-01 28-00 O14 
Llaaganese. Half-tide 2-98 0-02 o16 Oo 14-09 007 20-32 0-10 cent. nickel. Half-tide. 1-23 001 2-70 0-01 5-60 0-03 17-35 0-09 
| Sea- water. 975 0-05 12-15 oud 7-78 Ou 1207 0-06 Sea- 6-06 0-03 11-63 0-06 5-28 0-03 1007 0-05 
Fresh water - - = = 5-32 0-03 a - Fresh water. _- _ - _ 248 001 - - 





























Table VIL Losses in weight of the 15-year bars expressed as percent ages of the original weights of the exposed portions of the bars*. The 
mean losses in thickness are also given. 


*Assuming that the original thickness was exactly 0.5 inch, 
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Deterioration of Structures in Sea Water—continued 


The bituminous mixtures compared favourably with ‘‘Stan- 
dard’! paint under half-tide and complete-immersion condi- 
tions, although they were not so satisfactory under aerial 
conditions. The tars compared favourably with the paints 
under all conditions. It also appeared that horizontal-retort 
tar was superior to vertical-retort tar, and that this superiority 
was further improved by the addition of slaked lime in the 
proportion of about 4 ounces of lime per gallon. It was also 
found that if the tarred surface was given three coats of shellac 
varnish and were then painted, the paint would retain its colour. 
The shellac varnish was made by dissolving 3 lb. of shellac in 
5 lb. of warm methylated spirit. The product was strained 
through muslin and applied to the tarred surface, in coats, at 
intervals of approximately 12 hours each. 


The Deterioration of Reinforced Concrete 


These investigations were put in hand owing to the many 
ilures which had occurred in connection with structures of 
inforced concrete when exposed to the action of sea-water. 
1e Committee therefore decided to examine the questions 
volved, giving particular attention to previous suggestions 
at such failures might be reduced by the adoption of either 
) a concrete rich in cement; (b) a thick cover of concrete over 
e steel reinforcement; (c) a concrete of somewhat dry con- 
tency; or (d) the addition of natural or artificial pozzolanas. 
ts of small reinforced-concrete piles or posts were therefore 
epared and exposed to sea-water. These piles were 5-ft. in 
igth by 5-in. square, and were made of concrete having an 


a Ne tet e et 


a‘gregate of clean sharp graded sand and river shingle, with 
which different cements were mixed in various proportions. 
The concrete mixes used were: 

(i) A rich mixture having 1 part of cement to 2°6 parts of aggregate 

(ii) A medium mixture ,, 1 os x 5°0 = = 

(iii) A lean mixture — - a 9-0 m= a 


Four kinds of cement were used: 

(a) Normal Portland Cement 

(6) Rapid-hardening Portland Cement 

(c) High-alumina Cement 

(d) Portland Blast-furnace Cement 

Other mixtures were tested in which a proportion of the 
<ement was replaced by pozzolanic material. 

The reinforcing rods were arranged in the piles so as to pro- 
ide, alternatively, concrete covers of 2 inches and 1 inch. 
These specimens were exposed as follows: at Sheerness, to 
ordinary tidal action; at the Building Research Station, Watford, 
to artificial sea-water, some specimens being also kept in the air; 
and at Sekondi, Gold Coast, to ordinary sea-action. 

The general results of the experiments may shortly be sum- 
marised as follows: a cover over the steel reinforcement con- 
sisting of the medium concrete (having 1 part of cement to 5 
parts of aggregate) 2 inches in thickness has, in general, given 
good protection, but, with both the normal and rapid-hardening 
Portland cements used, signs of cracking with this mix and 
cover have appeared after 9 years. 

Until the tests have been continued over a longer period of 
years it is premature to draw conclusions as to the relative value 
of the different cements used, but it may be mentioned that 
the high-alumina cement has shown excellent behaviour in the 
1:35 mix. 

At Sheerness, where they were exposed to ordinary  sea- 
water, more piles developed cracks than at Watford, where 
they were exposed to artificial sea-water of three times normal 
salinity. This, however, might in part be due to the more 
severe climatic conditions at Sheerness as compared with those 
at Watford. 

Cracks almost invariably became visible after the appearance 
of rust-spots on the surface of the concrete, indicating per- 
meability of the concrete. 

In conclusion, the Committee would record its indebtedness 
to the following for their valuable assistance in planning and 
carrying out the investigations outlined above. 

The late Professor George Barger, M.A.. D.Sc., F.R.S., 
Universities of Edinburgh and Glasgow, and the late Professor 
>. M. Dixon, O.B.E., M.A., B.A.I., M.Inst.C.C., City and 
Guilds College, South Kensington, in connection with the work 
on timber. 

Mr. J. Newton Friend, D.Sc., Ph.D., F.I.C., Central Tech- 
nical College, Birmingham, and Sir Robert A. Hadfield, Bart., 
1).Se., D.Met., F.R.S., Hon. M.Inst.C.E., Hecla Steel Works. 
Sheffield, in connection with the work on steels and irons and 
their protection by paints and other preservatives. 

Mr. R. E. Strading, C.B., M.C., Ph.D., D.Sc., M.Inst.C.E., 
Yepartment of Scientific and Industrial Research, Building 
‘esearch Station, in connection with the experiments on plain 
nd reinforced concrete. 


- 





* Standard ”’ paint contained :— 
Iron, calculated as ferric oxide, Fe O 96°41 per cenit. 
Moisture on “= 0-49 
Insoluble residue a ne pe 0°10 “ 
Small quantities of calcium sulphate and silica, and traces of chloride, were 
& 30 present. 
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Maritime Services Board of New South Wales 


Excerpts from Fourth Report for Year ended 30th June, 1939 


Port of Sydney 


Financial.—The accounts for the year ended 30th June, 1939, 
show a net surplus of £238,726 8s. 9d., which is a decrease of 
£60,769 10s. 4d. as compared with the previous year, when the 
surplus was £299,495 19s. Id. 

Income.—The net income earned during the year was 
£1,155,627 3s. 4d., being a decrease of £30,652 Os. 3d., or 
2.6%, when compared with the figures for the preceding year, 
the revenue for which was the greatest in the history of the port. 

Oversea Trade.—The principal source of the Board’s revenue 
is wharfage rates on overseas imports, the revenue from which 
during the year amounted to £341,590 4s. 2d., as compared with 
£368,779 15s. 3d. for the preceding year, a decline of 
£27,189 11s. 1d. 

The revenue from wharfage rates on goods shipped overseas 
increased from £69,756 18s. 6d. to £70,759 2s. 7d. 

Inter-State Trade.—The income from wharfage rates on both 
inter-State imports and exports declined during the year. In- 
ward wharfage rates amounted to £184,110 9s. 8d., as com- 
pared with £195,897 19s. 1d. for the previous year, and outward 
wharfage rates returned £55,020 2s. 10d., as compared with 
£55,198 13s. Od. 

Intra-State Trade.—In the intra-state trade the wharfage on 
imports amounted to £89,972 7s. 8d., as compared with 
£98,100 17s. 4d. for the preceding year, whilst the revenue 
from wharfage on exports increased from £21,033,6s. 9d. to 
£22,181 11s. 4d. 

Expenditure.—The expendiiure chargeable against income 
amounted to £916,900 14s. 7d. Working expenses increased 
by £30,958 16s. 11d., most of which was due to greater expendi- 
ture on maintenance of property and plant. 

Shipping.—The volume of shipping which entered the Port 
of Sydney during the year, namely 20,250,018 tons (gross), 
when compared with the figures of the previous year, which was 
a record, showed a decrease of 76,086 tons. The number of 
vessels making up the aggregate was 7,384, as compared with 
7.755 for the previous year. The decrease in the number of 
vessels entering the port was confined to the intra-state trade 
and was due to unsettled labour conditions on the northern coal 
fields. 

Trade.—The total trade of the port during the financial year 
was 7,694,699 tons, or 286,439 tons less than that of the previous 
year which surpassed all records. The imports amounted to 
5,127,856 tons as compared with 5,472,988 tons for the previous 
year, a decrease of 345,132 tons or 6%;. exports on the other 
hand increased by 58,693 tons (2%) from 2,508,150 tons to 
2,566,843 tons. 





Works and Improvements 

Dredging.—As a result of dredging operations, which were put 
in hand towards the close of the preceding financial year, the 
depth of water through the opening span of the Glebe Island 
Bridge has been increased from 16-ft. to 24-ft. Dredging is also 
proceeding with a view to providing a greater depth of water in 
Rozelle Bay, and this work, in conjunction with the deepening 
of the opening through the Glebe Island Bridge, will ultimately 
permit of greater use being made of the wharfage in the locality, 
particularly by vessels of a larger type. , 

New Passenger Jetty at Manly.—Preliminary arrangements 
were made during the year for the provision of a new and up 
to-date jetty at Manly to meet the growing demands of the ferry 
passenger traffic. The present jetty will be reconstructed in 
two sections in order that there shall be a minimum of incon- 
venience to the travelling public and the various business 
activities conducted at the premises. During the progress of the 
work, ferry steamers will berth at the existing jetty, but 
alterations are being effected to the adjoining cargo jetty with a 
view to providing supplementary accommodation during the 
peak periods of traffic. 


Port of Newcastle 


Trade and Shipping.—The tonnage of vessels which entered 
the Port of Newcastle during the year, i.e., 5,099,481 tons (net), 
when compared with the figures for the year ended 30th June, 
1938, showed a decrease of 232,969 tons. The number of 
vesssel making up the aggregate tonnage was 4,273, as com- 
pared with 4,568 for the previous year. 

Deepening of the Harbour.—The depth of water on the bar 
has been maintained at 25-ft. 6-in. at low water ordinary spring 
tides from 80-ft. south of the line of Main Leads to a line from 
440-ft. to 500-ft. north of such leads, and the work of breaking 
rock to provide the same depth over a width of 250-ft. to the 
south of the Main Leads is almost completed. It is proposed to 
provide, eventually, a uniform depth of 28-ft. 6-in. at low water 
ordinary spring tides over the full width (500-ft.) of the entrance 
channel. 
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Acceleration of Cargo Discharge at 
British Ports 


It is announced by the Minister of Labour and National 
Service that he is putting into operation certain special measures 
with the object ot securing, during the present emergency, the 
clearance of goods with the utmost rapidity and expedition from 
ships in port. To this end, he is making a number of changes 
in the existing arrangements for controlling the supply of dock 
labour within the ports and for transferring men from one port 
to another as and when they are required. The country is being 
divided into four regions, with headquarters at Liverpool, 
London, Newcastle and Edinburgh. At each of these ports there 
will be a Regional Port Labour Inspector who will have general 
supervision over the region, and will exercise control over the 
movement of dock labour. 

In each of the more important ports there will be one or more 
port labour inspectors in whom will be invested wide powers, 
including those of National Service officers who, under the 
Defence (General) Regulations, are empowered to direct persons 
to perform such services as may be specified. The conditions 
as to payments to transferred dockers, whether as wages, guar- 
anteed minimum, or travelling and subsistence allowances, will 
be as provided in the agreement of October 6, 1939, between the 
Minister of Labour and National Service, the National Council 
of Port Labour Employers and Transport and General Workers’ 
Union, and in general the provisions of that agreement will 
remain in force. 

All dock labour within each of these regions will be regarded 
as available for work as may be required in any port in the 
region. If the situation so requires labour will be expected to 
transfer to ports outside the region. These proposals have been 
accepted at a conference held by Mr. Ernest Bevin with repre- 
sentatives of both sides of the Port Transport Industry. To facil- 
itate the working of the new scheme this conference also expressed 
agreement with Mr. Bevin’s proposal to make an order requiring 
all employers engaged in the Port Transport Industry to be 
party to any port registration scheme for the port which may be 
approved or instituted by the Minister, and requiring all port 
transport workers to obtain their employment in accordance with 
provisions of the port registration scheme and not otherwise. 

Contravention of the provisions of a registration scheme will 
constitute an offence against the Defence (General) Regulations. 
A port registration scheme is a scheme which has for its object 
the regular raising of port employment:— 

(a) by maintaining a register of port transport workers and 

their employers. 

(b) by providing suitable places for the engagement of such 

workers, and 

{c) by confining employment as for as possible to men regis- 

tered under the scheme. 


The foregoing declaration of policy was preceded by an 
announcement by the Ministry of Transport that the Minister 
had arranged for Mr. Frank Pick, lately vice-chairman of the 
London Passenger Transport Board, to visit certain ports in the 
United Kingdom in order to report on the organisations which 
had been set up to secure the speedy discharge and clearance of 
goods and enable exceptional demands on the ports to be met. 
Mr. Pick began his series of visits on June 17th. 


The Marine Board of Hobart, Tasmania 








Excerpts from Report of the Master Warden (Hon. Sir John 
Evans, Kt., C.M.G.) for the Year ended 31st October, 1939 


Reclamation to North of Ocean Pier.—The whole of the 
area. approximately 13 acres, authorised to be reclaimed from 
the River Derwent by the Port of Hobart JTmvrovement Act. 
1910, (1 Geo. V., No. 82) has now been filled in, and there 
only remains the levelling of a small section before the 13 acres 
will be under lease to the Oil Companies. 

Prince’s Wharf.—A contract has been let for the reconstruc- 
tion in reinforced concrete of the inner end of Prince’s Wharf 
and of No. 1 Shed. 

Trade of the Port.—A substantial increase in the volume of 
cargo passing over the Board’s wharves is recorded, as the 
following figures show:— 





Inward, Outward. 
1937-38 1938.39 1937-38 1938-39 
Tons Tons Tons Tons 
245,067 271,120 278,227 297,178 
Financial.—The revenue has been buoyant and ample for 


requirements, and has enabled a large sum to be spent on works. 
the cost of which might legitimately, if required, be defrayed 
from loan moneys. However. it is probable borrowing will 
have to be resorted to when the Board decides to widen and 
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lengthen Ocean Pier. Each of the principal sources of revenue 
shows an increase on last year. Total ordinary receipts were 
£51,394, as compared with £46,348 for 1937-38, and £49,326 
for 1936-37. This is the first time in the Board’s history that 
ordinary revenue has passed the £50,000 mark. 

Shipping.—The tonnage of vessels arriving shows an increase, 
and constitutes a record for the port. The crews of the vessels 
numbered 27,790. 





No. of Net Gross 

Arrivals. Tonnage. Tonnage 
1936-37 ror _ a 630 1,094,240 1,849,007 
1937-38 vas ons _ 593 1,066,820 1,813,794 
1938-39 0 ose ese 612 1,113,563 1,895,861 








Bombay Port Trust 


Excerpts from Administration Report, 1938-39 


In framing the budget estimates for the year under review, 
the Trustees had anticipated that the downward trend of tra:le 
which had set in from October 1937, as a result of the fall in 
the price of primary products and the consequent reduction in 
the purchasing power of the agriculturist, would contin .e 
throughout the year. The prospects for exports of raw cotton, 
which forms Bombay’s staple export commodity, were also not 
encouraging in consequence of the Sino-Japanese conflict ad 
the record crop in the United States of America. In addition 
to the anticipated fall in traffic, the estimates allowed for a 
decrease of ks. 9} lakhs in revenue on account of the reducti n 
of the surtax on dock and bunder rates from 84 per cent. o 
41 per cent., the reduction in the rate of wharfage on bi 
petrol from 6 pies to 4 pies per gallon and the introduction 
the revised Dock Scale of Rates fixing concessional charges | 
the coasting trade of the whole of India and Burma. Afit-r 
taking all the above factors into consideration, the revenve 
estimates aggregated Rs. 235.64 lakhs against the actuals 
Rs. 255.14 lakhs in 1937-38, a reduction of Rs. 19.50 lakhs 

The course of trade and revenue during the year close'y 
approximated the budget anticipations. The revised estimat 
framed in January 1939 aggregated Rs. 235.40 lakhs, a redu-- 
tion of Rs. 0.24 lakh only as compared with the original es'i- 
mates. The actual receipts amounted to Rs. 238.18 lakhs, on 
increase of Rs. 2.78 lakhs as compared with the revised 
estimates. 

The original expenditure of Rs. 235.13 lakhs was increased 
to Rs. 235.48 lakhs in the revised estimates. The actual expenci- 
ture for the year did not, however, exceed Rs. 233.07 lakhs, 
a saving of Rs. 2.06 lakhs on the original estimate and Rs. 2.41 
lakhs on the revised estimated. The ratio of working expenses 
to revenue in the year under review was 51.95 per cent. as 
against 48.15 per cent. in the previous year, or an increase of 
3.8 per cent. The increase is due to the heavy fall in the 
receipts for the reasons stated above. 

The budget estimates for the year anticipated a surplus of 
Rs. 0.44 lakh under General Account and a surplus of Rs. 0.07 
lakh under Pilotage Account; the actual result was a surplus of 
Rs. 4.91 lakhs under General Account which has been trans- 
ferred to the Revenue Reserve Fund and Rs. 0.20 lakh under 
Pilotage Account which has been transferred to the Vessels’ 
Replacement Fund. 

The cargo handled at the Docks and Bunders amounted to 
5,096,000 tons, an increase of 29,000 tons as compared with 
the previous year. Imports accounted for about 63 per cent. 
and exports 37 per cent. of the total tonnage. The increase in 
tonnage was equivalent to 0.06 per cent. 

Vessels which entered the docks or were berthed at thie 
Harbour Walls (excluding ferry-steamers) totalled 1,862 with 
an aggregate tonnage of 5,041,888 net register as against 1,866 
vessels with a tonnage of 5,001,521 in the preceding year. 

The dry docks were occupied during the year by 167 vessels 
as against 150 vessels in 1937-38. The total tonnage was 608,430 
tons, being 28,509 tons more than in the previous year. 

To obviate the inconvenience caused to passengers and 
visitors alighting from or entering into vehicles during the 
monsoon, the Trustees sanctioned the erection of a covered 
entrance to the main hall of Ballard Pier. 

The foreign inward and outward traffic on the Port Trust 
Railway aggregated 1,592,000 tons as against 1,687,000 tons 
during 1937-38. A decrease of 347 wagon-loads has also to be 
recorded in local traffic, principally under bone-meal, coal, old 
iron and manganese ore. The Railway carried 40 per cent. of 
the total rail-borne traffic in and out of Bombay and the freig!it 
earnings collected during the year on traffic booked or received 
on account of the G. I. P. and B. B. & C. I. Railways amounted 
to Rs. 223 lakhs as against Rs. 215 lakhs last year. 

The year’s revenue, excluding Special Receipts, compar:s 
with that of recent years as follows:— 


“— = A 
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Average of three years ending 1934-25... se ... Rs. 2,40,00,797 
Do. do. 1987-88... bis ies » 2,48,538,313 
During the year 1938-39 2,38,18,411 
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